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Ball Valves 1845 
High-Power Valve Actuators 1851 
Resistance Thermometers Above 2260°R 1864 
Dimensionless Strain Gages 1870 
Variable-Reluctance Transducers 1876 
Electronic Timing 1883 
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These engineers are specifying SyqnQOe for plant 
construction. The most severe test of tube fitting 
design and quality is in plant construction. Many 
plants have been built using 10,000 to 20,000 or 
more Q0* tube connections without a leak. 
You can spend days to find one leak among the thou- 


sands of tube connections on a construction job. 


Insure plant start-up on schedule — specify Syqn Qe 
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HIGH TEMPERATURE 
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FOR AIRCRAFT & MISSILES 
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Designed specifically for the 

Hotelec Program .. . High Tem- 

perature, airborne electrical systems 
in Mach 3 Airframes. 


14 
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Here is the result of three years of research and 

design by the Lewis Engineering Co. Laboratories: all 
types designed for Max 600 V, - 400 cycle operation, in single or 
multi-conductor configurations. Type 1, 600°F Hookup wire and 
Type Il, 600°F Power and Control cables 
are made with nickel coated copper con- 
ductors and special laminated high tem- 
perature insulation having a teflon* finish. 
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Type Ill, 850°F General Purpose cable has 

multiple layers of high temperature inorganic 

insulation and is armored with a flexible monel or 
Stainless steel sheath. 


*DuPont TM 


THE LEWIS ENGINEERING comPany 
NA UGA TUG =a, S&S oe re Ne ee wt ww 
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SENSITIVE RESEARCH 


National Bureau of Standards in Washington, D. C., in recognition of his “ 


A [ accomplishments in the field of AC/DC transfer measurements. * 
A MEM : : , 


VOLTAGE 


m .01%* Accurate AC/DC 
Difference Measurements 


m@ .013% Accurate Absolute 
AC Voltage Measurements ™opst rt 


The Model FLH is a Wé thermocouple transfer standard designed to measure directly 

in percentage of reading, the influence of frequencies between 20 cps — 50,000 cps 

Poy r ull Accuracy Over En- on the indication of voltmeters, calibrators, and other transfer standards over a 

. range of 1.5 —1125 v. It is supplied with an NBS Certificate* showing correction 

tire Frequency Range from figures for those values of voltage where the AC/DC difference (or frequency influence) 

20 50 000 is, or exceeds, +.01%. Typical performance characteristics are listed in the table on 

cps eee cps the left. These figures illustrate that it is seldom necessary to apply corrections to 

achieve substantially better performance than is basically guaranteed. Since the high- 

est volt ranges have the greatest frequency influence, in practical usage the lower 

ba] True RMS Response volt ranges can be considered to have either greater fundamental accuracy or a fre- 
quency span well beyond 50 kc. 


‘ 


The Model FLH when employed in conjunction with precision DC potentiometers and 
their accessories, is ideally suited for use in the certification of other AC voltage 
standards and the making of extraordinarily high accuracy absolute AC measurements. 
FREQUENCY CORRECTIONS IN % OF READING An AC system accuracy of =.013% can be obtained without difficulty by combining 

MODEL FLH the FLH with Sensitive Research “COMMANDER” Instruments such as the Dauphinee 
VOLTS 20 Ke 30 Ke 50 Kc DC Potentiometer, Type 9144 (accuracy +.001%), the NBS Volt Ratio Box, Type 9700A 
1545 +01 (accuracy +.001%) and Saturated Standard Cells, Type 4305 and Constant Tempera- 
Aa ; ture Enclosure, Type 9152 (accuracy +.001%). A “COMMANDER” Instrument Catalog 
above 4.5-11.25 0 is available upon request. 
above 11.25-22.5 0 


0 
0 
0 
above 22.5-45 0 —.012 The basic accuracy of the Model FLH is derived from the flat frequency response of 
0 
0 
0 

















above 45-112.5 —.015 its multipliers. Long term resistor stability is of no importance. If the instrument is 
above 112.5-225 0 not physically impaired its frequency response will remain fixed indefinitely. 

above 225-450 
above 450-1125 


| cooooce 


—.026 Replacement thermocouples are of the uncalibrated type. 
.038 —.069 








ADDITIONAL SPECIFICATIONS 


Accuracy using NBS correction figures: +.01% of reading from 20 cps — 50 ke.* 
*it is the present policy of NBS to stote their maximum Accuracy without using correction figures: +.01% of reading to 30 kc from 1.5—450 v; 
inert rept os weap pg a ore — + 03% to 50 ke; +05% of reading to 30 ke from 
ai ihe kahtaieed Wy Gast iene aes 450-1125 ¥; *.075% to 50 ke. 
their present practice to limit testing to 30 ke on Resolution: ciara +,005% minimum. 
instruments of the Model FLH‘s accuracy unless the PHOS viccicciesces. $1685.00 (includes NBS Certificate and Type SR4 Galvanometer). 


user is in @ position te justity thet certification Terms: ............ Net 30 days, f.o.b. NBS, Washington, D. C. 


to 50 ke or higher is imperative. Correspondence 
between NBS end the weer is required tn euch _ Write for additional information or contact 
on instance. 2 

your nearest SRIC sales representative. 


SENSITIVE RESEARCH Soon 
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FEATURE ARTICLES 


Ball Valves 
FRED MARTON—A survey of types and sizes available 





A valve emphasizes the subject of 


major discussion this month—proc- High-Power Valve Actuators 1851 


ess instrumentation 
J. C. BOONSHAFT—Combination electric, pneumatic and hydraulic techniques are 
used for high power and fast response 





Heatless Reactivation of Desiccant Dryers 1855 
E. M. FEELEY and E. J. KUNNAS—The dry air itself can be used to dry the desiccant 


in a dryer 





Journal of The Southern California Meter Association 


HYDRAULIC VALVE ACTUATORS SAVE HALF- MILLION DOLLARS by G. G. 
GALLAGHER, C. L. GRIESBAUM and R. D. FOSTER—One third of the cost of 


instrumentation for a plant was saved by use of hydraulic valve actuation 


Ceramic Resistance Thermometers as Temperature Sensors 
Above 2200°R .. 1864 


A. R. ANDERSON and T. M. STICKNEY—Vitrified ceramics can be used as resistance 
thermometers above 2200°R 





The "Dimensionless" Strain-Gage Transducer 1870 


C. E. MATHEWSON—New design reduces the stability problems of conventional 
gage configurations 








Journal of the Precision Measurements Association 
HIGH-SPEED THREE-COLOR PYROMETER 
5 oe ae THERMOCOUPLES FOR HIGH TEMPERATURES 
PRINT GRDER JAMES A. BARD 
: MEASUREMENT OF HYPERSONIC FLOW ...... 
THIS MONTH 
45,200 
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SUBSCRIPTION RATES 


Three 
Years 


Two 
Years 


One 

Year 

United States, U.S. Pos- 
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(Five Years @ $10.00) 
$ 6.00 $10.00 $14.00 
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» 
Ist aN Payments from outside the U.S.A. 
must be in the form of an Inter- 
national Money Order or check on 
a U.S. Bank. 





For change of address, give old as well as 
new address, include postal zone number. 
If possible enclose address label from mag- 


azine. Please allow one month for change. 





OUT-OF-PRINT COPIES of INSTRUMENTS 
&@ CONTROL SYSTEMS are available in 
complete volumes as positive microfilm copies 
from University Microfilms, Inc., 313 N. 
First St., Ann Arbor, Michigan. Photostats 
of articles are also available from this 
source. 
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INSTRUMENTS anp 
CONTROL SYSTEMS 


1876 





Variable-Reluctance Pressure Transducers 


feature good response 


SAUL EPSTEIN—Variable-reluctance transducers 
and high output 


1878 





Process Control Systems ..... 


Hydraulic power supply regulation to 1.5% with pressure switch and damping 
network 


Electronic Timing 1879 





R. F. LANDER—Precise timekeeping and synchronization of remote equip- 
ments demands electronic timing techniques 


SIMULATION COUNCIL NEWSLETTER 1883 


Midwestern S/C Meeting of 15 May on Education 





1883 
Rocky Mountain S/C Meeting of 27 June on Turbine Engines, Static 
and Frictional Forces and True Inputs - ... 1888 


Analog Techniques—Pulse Circuit by Tom Anderson 


PART TWO 


The annual Instruments and Control Systems Buyer's Guide, listing the 
products of over 2500 manufacturers of instruments, controls, components, 
and accessories, is the companion volume to this October issue. 


FEATURES 


..1768 


OTHER REGULAR 
1790 = Inquiry Card ....1908, 1927 


Product Index 


Letters to the Editor 


1773 1793 


News .... 


New Literature ............ 1954 


Book Reviews ...... 1777. Pan Handle Pete ........1839 


Advertisers’ Index 


1783 New Instruments .1894 Searchlight Section ....1960 


Events . 


INSTRUMENTS PUBLISHING COMPANY, publishers to the Instruments and Control 
Systems Industry with four publications: 


INSTRUMENTS AND CONTROL SYSTEMS; INSTRUMENT & APPARATUS NEWS; 
MILITARY SYSTEMS DESIGN; MEDICAL ELECTRONIC NEWS 


DISTRICT OFFICES 

Richard Rimbach, Jr., Vice-President, Sales, New York, Murray Hil! 8-0980 

Boston 16, Mass., J. L. Nowacki, 269 Main St., Stoneham. Phone 438-3982 

Chicago 6, lil., Harold W. Haskett, Madison Terminal Bldg., 9 South Clinton St., Central 6-8963 

Clearwater, Florida, E. F. Nordstrom, 165! Sherwood St., Phone 441-9033 

Cleveland (Shaker Heights 22), Ohio, Max G. Bauer, 3310 Warrensville Center Rd., Wyoming 1-7145 

Los Angeles 34, Calif., John Fahey, 2639 S. La Cienga Blvd., Upton 0-8442 

New York 17, N. Y., Richard Rimbach, Jr., 525 Lexington Ave., Rm. 359, Murray Hill 8-0980 

Pittsburgh 12, Penna., Robert Brandegee, 845 Ridge Ave., Fairfax 1016! 

Philadelphia 4, Pa., Robert V. Frey, Suite 100, 10! N. 33rd St., Evergreen 2-3878 

San Francisco I!, Calif., Charles Clark, 420 Market St., Douglas 2-3899 

St. Louis 1, Mo., Steve Wright, Fred Wright Co., Room 416, 4.N. 8th St., Chestnut 1-1965 

London, W. C. 2 England, John C. N. Hughes, T. C. Scott & Son Ltd., No. | Clement's Inn, Hol- 
born 4743. 





Data loss due to drop- 
outs is eliminated in FM 
predetection recording- 
reproducing by Mincom’s 
new, exclusive Tracklok® 


This is because, for the first time in the field of instru- 
mentation, the Tracklok makes possible redundant FM 
data recording at the carrier level. In any desired FM 
or PM-type carrier system, data loss is eliminated by 
a 99% skew reduction; existing skew of +0.3 us for 
example, is effectively reduced to +0.003 us, a reduc- 
tion of 100 to 1. 


Tracklok 


Completely Compatible: The new Tracklok is designed 
to improve the predetection performance of Mincom’s 
1-mc Series CM-100 Instrumentation Recorder / Re- 
producer (which now, on special order, performs to 
1.5 mc at 120 ips). Tracklok can be incorporated into 
all existing Series CM-100 systems, since it is com- 
patible with CM-100 or any comparable recorder- 
reproducer in the standard IF carrier frequencies. 


Reliable Simplicity: The same reliability that has been 
typical of Mincom’s instrumentation systems for years 


Shown here with the Mincom ilt j 

Series CM-100 1.5-mc Instrumentation has been built into Tracklok. 
Recorder/Reproducer, a standard auxiliary rack 

houses (from the top down) an oscilloscope monitor 

unit, the new Tracklok, and a demodulator. 


MINCOMovsin am MINNESOTA MINING & MANUFACTURING CO. 


2049 SO. BARRINGTON AVE., LOS ANGELES 25, CALIFORNIA * 529 PENN BLDG., 425 13th ST. N.W., WASHINGTON 4, D.C. 
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roravauty... FIN GC TRUMENTATION 


PRODUCTIVITY 


peorit FOR AUTOMATION 


PROBLEM: how fo collect, record and transmit e" 
critical fluid flow data more accurately than 
ever before. b. 





SOLUTION: custom-designed flow measure- 
ment systems from General Electric. 


RESULT: reliable process control, simplified ee saad auaaie in 
fluid accounting, precision batch blending pound eliminates. vo ine tomes cenyetsion 
and loading. density, temperature, viscosity flow rate. 13 
System instrumentation includes: true mass flowmeter, 

available in 13 standard ranges @ null balance re- 

corders, a full line of strip and round-chart m new Fa 

telemetering equipment, analog and digital. 

In addition, ticket printers and totalizing counters 

are available for visual digital display and pre-set 

counters may be added to provide precision control 


in blending and loading operations. 


FOR FLUID FLOW PROCESS: BR HaInT TA, 


In a variety of system applications, these General 
Electric instruments cut operating costs and boost 


plant production . . . through simplified and more 


accurate measurement. No wonder they’ve been speci- 
fied by process engineers throughout the world. 
Performance-proved ...on the line! 

For complete information, contact your nearby Gen- é 
eral Electric sales office or write Section 599-08, 
General Electric Co., Schenectady 5, N. Y. for the 
following bulletins: GEA-6925, Mass Flowmeter; 
GEA-6887, Null Balance Recorders; GEA-7163, Tele- 
metering Systems. In Canada, contact Canadian G.E. 
Co. Ltd., 940 Lansdowne Ave., Toronto 4, Ontario. 
Outside the U.S. and Canada, contact International 
G.E. Co., 150 E. 42nd St., New York 14, N. Y. 





General Electric Null Balance Recorders feature 
ode reference voltage souTce for 2pera 

tional reliability; varied ¢ ntrol forms for 
omponents mounted on swing-out 

par to simplify routine maintenance. Full line 


tipoint, single and two-pen— strip or 


INSTRUMENT DEPARTMENT ‘ound-chert mode 


GENERAL @@ ELECTRIC 
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Batch Loading G.E. Flowmetering System assures accurate loading 
precise totalization, is unaffected by temperature changes in tank or 
pipe. Meter measures different fluids with no calibration change 


Remote totalization with preset counters also provides startup, shut 


down or alarm 
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PETROCHEMICAL rem; r CUSTOMER PLANT 
PLANT 
‘ap TICKET Custody Transfer G.E. Flowmetering System assures accurate meas- 
PRINTER urement at both ends of transfer despite differences in operating con- 


ditions. Ticket Printer provides printed record of fluid shipped. System 


offers simplified, accurate accounting between producer and customer 
plants and also in interplant transfers 


MEASUREMENT SYSTEMS FROM GENERAL ELECTRIC 


G-E RECORDER-INDICATOR 
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PLANT #2 
FLUID B 





Fluid Blending- G.E. Flowmetering System measures and totalizes fluid mass diréctly 
eliminates laborious volume-to-mass conversions. Predetermining counters assure simplic 
ity and accuracy in blending operations. Data is instantly telemetered to central locations 
by new G-E Telemetering. Typical blends are refrigerants, solvents and special naphthas 





LETTERS TO 
THE EDITOR 





Editor, [&CS: 


In the August issue of your maga- 
zine we notice an article on Remote 
Utility Meter Reading, transmitting 
the data over telephone systems. This 
has been the subject of considerable 
investigation by others as well as the 
authors of this article. However, the 
system as discussed in this article and 
as proposed by others, to use tele- 
phone lines for data transmission, has 
in our opinion, three fatal defects: 

1. Not all meters can be connected 
to telephone lines. This means that 
meter readers cannot be eliminated 
by any system of telephone trans- 
mission data. The meter readers 
would have to make their present 
rounds, reading a portion of the me- 
ters that could not otherwise be con- 
nected. 

2. A system of this sort is very 
complicated. 

3. Systems of this sort are com- 
pletely uneconomic. The cost of in- 
stalling the system, including rental 


HYSTERESIS CAPACITY e charges for telephone rented data, are 


LS 


= tee mo 





ri Ne a a 
baie, Sa & 
ye 


ere te 
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ACCURACY 





0.1 of 1% 0.1 of A. % 0-100,000 p.s.i. ie c substantially beyond the cost of read- 


ATE: ere oer _ ing meters manually. 





A more realistic approach to the 
problem is provided by the Teleread 
unit described in the enclosed litera- 
ture. This does not pretend to re- 
place the meter reader because no 
system has been devised which can 
do this. It does make the meter 
twice to three times more efficient 
than at present, and achieves the 
other benefits described in the litera- 
ture. 

H. F. Barrett, Gen. Sls. Mgr. 
Buffalo Meter Co., Inc. 
Buffalo 14, N. Y. 


See page 1800 for details on the 
Teleread. 


Editor, I&CS: 


FULL SCALE READING (P.S.1.) I have received my first copy (July 
Over Over : issue) of I&CS. In the article en- 
ae M8 — i 0 0 titled “Magnetic Core Logic” refer- 
“2, an an t t . . 

inclusive | tacluding | including . 100,000 ence was made to previous articles 
0-20,000 | 0-30,000 on logic functions. Will you please 
$183.50 | $205.50 | $238.50 send me a list of these previous ar- 
reg gree ticles on transistor logic and the is- 
209.50 | $231.50 | $264. ' ; . . 

pact dB nn Bl Ris A Rice sues in which they appear so that I 


$255.50 $277.50 $310.50 $321.50 $332.50 $382.50 $432.50 can order them. 
DELIVERY — 2 WEEKS FOR MOST RANGES — PRICE F.0.B. NEWTOWN W. E. Winston 
Electrical Foreman 


Plantation Pipe Line Co. 
Baton Rouge, La. 


Welcome aboard—but we are sorry 
that you missed the symbolic-logic 
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articles that preceded your ey. 
tion to 1&CS. Several issues are sold 
out completely; you will have to refer 
to a library. Here are the articles: 


Boolean Algebra by Wires, February, 1960 

Digital Systems by Symbolic Logic, Brooks, 
March, 1960 

Addition and Subtraction by Symbolic 
Logic, Brooks, April, 1960 

Serial Comparison by Symbolic Logic, 
Brooks, May, 1960 

Ring Codes by Symbolic Logic, Brooks, 
June, 1960 

Manipulation of Symbolic Logic Expres- 
sions, Lytel, July, 1960 

Gray-To-Binary Cenversion by Symbolic 
Logic, Brooks, August, 1960 

Decade Counting, Bukstein, August, 1960 

NOR Logic, Boswell, September, 1960 

Dividing Pulse Trains by Symbolic Logic, 
Horton, October, 1960 

Function Generation with a DDA, Silber, 
November, 1960 


Bidirectional Counting, Hupp, December, 


Digital Comparison by NOR Logic, Bos- 
well, January, 1961 


Code Conversion by NOR Logic, Boswell, 
February, 1961 


Pulse Analysis by Histogram with Logic 
Matrix, Caggiano, March, 1961 


Shift Register Logic, Brooks, April, 1961 
NOR Addition, Crozier, May, 1961 


Data-Bloc Symbolic Logic, Engman, June, 
1961 


Magnetic Core Logic, Kodis, July, 1961! 
Logical Design of Control Systems, Sept., 
1961 


This series soon will be made 
available in book form. 


Editor, I&CS: 


We have a new cardiopulmonary 
fitness testing laboratory and shall be 
using exercise stressors, collecting 
and analyzing expired air, strength 
testing, and assessing bone and adi- 
pose tissue. I am particularly inter- 
ested in contacting firms which pro- 
duce (1) analytical mass spectrome- 
ters, (2) anthoropometrical instru- 
ments (fat calipers, goniometers, 
tapes, etc.), (3) dynamometers, and 
(4) valves, solenoids, tubing flow 
meters, etc., for expired air collection 
and measurement to mention a few 
things. 

Joseph A. Mastropaolo, Ph.D. 
Research Fellow, 
Cardiopulmonary Fitness 
Testing Laboratory, 
Board of Health 
Chicago 10, Illinois 


Editor, 1&CS: 

Your trial (separating articles so 
they can be removed) was wonderful 
—not a conflict in the issue! Thanks! 

Erik Wik 
Ponca City, Okla. 





v 


3 Ib. to 90 tons an hour. That’s the span of Merchen Feeder 
capacity. 1% of set rate and 1000:1. That’s its accuracy and 
range. Coal, pigments, wheat, carbon, sawdust. These are 
some of the 175 common, dry, free-flowing materials a 
Merchen feeds with ease. 


These figures tell the story of a Merchen’s versatility. Whether 
you blend continuously or by batch, the Wallace & Tiernan 
Merchen Feeder simplifies your entire process. Use it as a 
straight gravimetric feeder, as a master proportioning other 
ingredients in the process, or as a slave with instant response 
to external pneumatic signals. 


The Merchen responds to a change of just one ounce in a 
63-pound belt load. That's because the Merchen weighs only 
actual material—never feeder components. This means con- 
stant delivery with minute-to-minute accuracy of +1%. Cor- 
rosion-resistant construction means long, trouble-free life. 
And the Merchen’s compact size—less than 3 ft. x 5 ft. for 
the largest model—tets it fit almost anywhere. 


Information from Dept. M-60.48. 


WALLACE & TIERNAN INC. 
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25 MAIN STREET, BELLEVILLE 9, NEW JERSEY 


NEW BARTON 273 PNEUMATIC TRANSMITTER 
MEETS MORE APPLICATION REQUIREMENTS 
THAN ANY OTHER TRANSMITTER 


The Barton 273 offers the widest differential pressure ranges 
(0-8” w.c. to 0-400 psi), the highest safe working pressures (to 
10,000 psi), and the widest variety of housing materials (alu- 
minum, brass, steel, 316 stainless steel). It’s compact, weighing 
up to less than 2 the weight of other units. It has adjustable 
suppression up to 80% of DP range,and adjustable span. A 
non-bleed relay minimizes air consumption. It doesn’t shift 
zero on overrange. It’s unaffected by normal piping stress. In 
every respect, the Barton 273 is the most significant advance 
in pneumatic transmitters in the past decade. There’s a lot 
more you should know about it—for complete data write 


ARON 


INSTRUMENT CORPORATION, 560 MONTEREY PASS ROAD, MONTEREY PARK, CALIFORNIA. 
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Editor, 1&CS: 

Thanks! 14 pages removed for 
separate filing and not one conflict! 
Usually I have to make a choice, or 
put an entry in a file to look else- 
where! 

You have proved a point—now to 
work on some of the other mags! 


Edward W. Logan, Jr. 
Memphis 12, Tenn. 


Editor, I&CS: 

Information is requested in re- 
gards to the date of issue and title 
of the previous articles published in 
the “ICS Memory Series,” as we note 
No. 8—Magnetic Memory Cores, ap- 
peared in the August 1961 issue. 


Eugene F, Stein 

Radar Engineering 

The Magnavox Company 
Fort Wayne 4, Indiana 


Here they are: 
1. Computer Storage Techniques— 
Oliver, December, 1961 
2. Permanent Storage Media—Con- 
stant, February 1961 
. Thin-Film Memories—Bittman, 
March, 1961 
4. Drum and Disc Storage—Gottschahk 
and Wayslenko, April, 1961 
5. Fluxlok High-Speed Core Memory 
—Tillman, May, 1961 
6. Flexible-Disc Storage—Pearson, 
June, 1961 
7. Twistor Memories—McCabe, July, 
1961 
8. Magnetic Memory Cores—Whitmer, 
August, 1961 
9. Delay Line Memories—Ellis, Sep- 
tember, 1961 : F 
Other articles are in preparation. 
A complete survey of drum and disc 


memories will appear in Jan., 1962 


Editor, I1&CS: 

With respect to Reader Inquiries 
on page 973 of June, 1961, titled 
M-16 on blood urea nitrogen, I rec- 
ommend that the method of Fearon, 
Biochemical Journal, vol. 33, page 
209, 1939, as modified by Friedman 
in the Analytic Chemistry, vol. 25, 
page 662, 1953, be tried, and recom- 
mend further that Beckman Spinco 
Systems have devised an ultramicro 
technique requiring 10 microliter of 
serum for a color metric determina- 
tion based on diacetyl monoxine and 
arsenic color determinations. 

H. William Gillen, M.D. 

Attending Neurologist 

Edward J. Meyer Memorial Hospital 
Buffalo 15, N. Y. 


Editor, I&CS: 

With regard to M-39 of your “Help 
the Medical Field” section, we feel 
that we can be of help. 

John V. Hogan 

Hogan Faximile Corporation 

me gee of TELautograph Corp. 
New York 14, N. Y. 
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The unique direct-carbon-transfer writing method 
produces a trace from 2 to 3 times finer than any other 
direct-writing technique. This allows twice as many 
lines per millimeter... twice the definition! Resolu- 
tion is unsurpassed . . . each line is uniform in width and 
contrast, revealing the most minute variations in the 
phenomena measured with utmost fidelity. This writing 
technique combined with the advanced pen-motor 
design produces a wider frequency response at larger 
amplitudes. ‘Continuous recording of data can be dis- 
played simultaneously on 8 channels... up to 8 inde- 
pendent event markers can be added. Ten chart speeds — 
0.1 to 500 mm/sec — provide a 5000:1 chart speed ratio. 


The AO Tracemaster has become the new standard of 
performance for these and many other reasons .. . write 
now for the full story! 

See the AO TRACE MASTER... plus other advanced 
direct writing recorder instrumentation at N.E.C. 


Booth 242 and N.E.R.E.M. Booth 804. 


American &) Optical 


COMPANY 


INSTRUMENT DIVISION, BUFFALO 15, NEW YORK: 


SE ee toe 2 Se 
tgs team tn toast tens enact cent cata cased | 
Sse al SSE Tete eshte 

iz iat) } t 





Be SSa5e 56 


a J 
NOW. accurately platisieene 
high-or low pressures 


continuously att 600" [: 


Statham’s new P732 series of high temperature gage and 
differential transducers accurately measure pressures Over 
- a wide variety of ranges and under extreme environmental 
conditions. 

The small and light weight P732 pressure transducers — 
of rugged stainless steel construction—are temperature 
600 F. Pres- 
sure ranges on the-gage and uni-directional differential 
models are from 0-2 psi through 0-5,000 psi. The bi-direc- 
tional differential model operates in ranges from = 1 psi 
through + 100 psi. 

For your high temperature pressure measurements — for 
aero-space, nuclear or industrial applications—specify the 


compensated for continuous operation to 


superior performance of Statham’s versatile P7832! 


COMPARE STATHAM’S COMBINATION OF SUPERIOR 
PERFORMANCE CHARACTERISTICS 
1. Better temperature stability through Statham’s new, exclusive 
zero-length/dimensionless unbonded strain gage. 
2. Higher overload characteristics for safer-and longer operation. 
3. Lower sensitivity to static and vibratory acceleration for more 
accurate pressure measurements 
. Combined non-linearity and hysteresis of less than + 0.75% in 
both high and low pressure ranges. 
mma Weeley(celamaceelelcuchattuct phelte-maueyen 


320°F. to +650°F. 


For complete data 


write today to 








Statham Instruments, Inc., 12401 W. Olympic Blvd 
Los Angeles 64, Calif. GRanite 8-0361 CTW: West Los Angeles CAL 66 
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Editor, 1&CS: 

In answer to the reader inquiry 
A-6126 which apeared in the May 
issue of INSTRUMENTS AND CON. 
TROL SYSTEMS the reader might be 
interested in the following. 

We developed a system for the 
continuous monitoring of pO2, pCO2, 
and pH in vivo more than two years 
ago. This system was developed here 
at the Bowman-Gray School of Medi- 
cine of Wake Forest College. In ad- 
dition to using the system here, we 
have designed and built similar sys- 
tems for the Upstate Medical Center 
of the New York State University 
and the University of Miami School 
of Medicine. 

If you desire further information 
with regards to our system, please 
write directly to the Department of 
Bio-Medical Engineering, Bowman- 
Gray School of Medicine, Wake 
Forest College, Winston-Salem, North 
Carolina. 

John Artesani, Director 
Bio-Medical Engineering Dept. 
Bowman-Gray School of Medicine 
Wake Forest College 
Winston-Salem, North Carolina 


Editor, I&CS: 

In your section on Reader In- 
quiries a reader desires to make di- 
electric constant measurements on 
blood samples (M-42). 

Our firm manufactures 3-terminal 
capacitance bridges of the self-bal- 
ancing type that can measure ca- 
pacitance over a range of 0 to 5000 
puf with an accuracy of 0.25% of 
full scale or 0.5% of reading (which- 
ever is greater). Sensitivity of the 
measurement is 0.05%. Readability 
expressed as the 1% of the smallest 
increments shown on dial is 0.5%. 

Combination of this instrument 
with a stainless steel and teflon con- 
struction dielectric cell should pro- 
vide a high degree of measurement 
accuracy. 

Leo Stamler, V.P. 
Consolidated Airborne Systems, Inc. 
New Hyde Park, N. Y. 


Editor, I&CS: 

Reference: Reader Inquiry M-26. 
You may wish to consider for your 
application the Philbrick Model P2 
Differential Operational Amplifier, 
whose noise and short term drift are 
approximately at the level of resolu- 
tion indicated in the paragraph on 
page 1139 of I&CS, June 1961. There 
are a number of possible configura- 
tion in which such an operational 
amplifier can be connected. 

Daniel H. Sheingold 

Director of Applications Engineering 
George A. Philbrick Researches, Inc. 
Boston 16, Mass. 








“Cybertron” Learns 
Alogically by Trial 


and Error 


LEXINGTON, MASS.—A special 
purpose machine so nearly human 
that it learns, makes decisions, prof- 
its by its mistakes and tells how to 
solve problems that baffle man has 
been developed by Raytheon Com- 
pany (Lexington 73, Mass.). Like a 
human, the Cybertron, as the learn- 
ing machine is called, is “alogical”— 


learning by trial and error, relating 
new situations to past experience, and 
constantly improving its skill. 

The Cybertron is not a computer. 
It tackles problems for which no for- 
mula is known. It figures out its own 
method of attack, gives the answer, 
and can tell how it arrived at the 
answer. 

Raytheon has built two models of 
the learning machine: The smaller of 
the machines, the K100, is working 
on military problems under contract 
from the Department of Defense. The 
larger one, Cybertron K200, will be 
capable of recognizing and typing out 
all typical American word sounds by 
using its 192 learning elements. 
Punched tape is used for learning, as 
well as the memory element. A tape 
about one foot long stores all the 
machine learned about dozens of 
cardiograms, sonar identification, etc. 

CIRCLE 195 ON READER-SERVICE CARD 


INSTRUMENT TECHNICIAN 
SERVICE ORGANIZATION is af.- 
filiating with the Baltimore Section 
ISA as a sub-section. Purpose of the 
new organization is “to advance the 
science of instrumentation . . . by the 
dissemination of information . . . lim- 
iting its membership to those actively 
engaged in instrument maintenance 
and service.” 




















This Tape Recording shows the actual 
deviations in Linearity of Resistance 
present in a representative length of 
-0014” Chromel-R wire having a total 
of 105,750 ohms. Note that greatest 
change recorded was 6 ohms—which is 
well within Hoskins Guarantee of .012% 
maximum deviation in any 250 feet. 


Basic Function of a potentiometer is to 
control voltage in a circuit by varying 
electrical resistance. Thus use of wire 
which possesses superior controlled 
Linearity of Resistance assures finer 
accuracy and reliability of operation 
proportional to shaft rotation. 


Three reasons why 
you should specify 


Hoskins Chromel-R 


Premium Potentiometer Grade 800-Ohm Wire 


First, its fine linearity of resistance is controlled to the closest 
standard of uniformity ever established for potentiometer wire 
as specified above. Second, it is unconditionally guaranteed to 
have less than 40 ohms of equivalent noise resistance when re- 
ceived at your plant. And third, it possesses the superior wire 
roundness required for more uniform winding of mandrels. 


Sample spools of Chromel-R with detailed technical data are 
now available to potentiometer manufacturers for evaluation. 
Requests on company letterhead will receive prompt attention. 


HOSKINS MANUFACTURING CO. 
4445 Lawton Avenue « Detroit 8, Michigan « Tyler 5-2860 


In Canada: Hoskins Alloys of Canada, Ltd., Toronto, Ontario 


Producers of Custom-Quality Electrical Resistance, 
Resistor and Thermoelectric Alloys Since 1908 
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| Strain Gages Test 


| Automotive Hoists 
PHILADELPHIA, PA.—A non-de- 


structive testing method for automo- 
tive hoists used for servicing service 
stations is now applied by Globe 
Hoist Company, Philadelphia, Pa. to 
assure that its 8,000-pound lifting ca- 
pacity hoists meet federal and state 
structural and manufacturing stand- 
ards. 

Globe uses SR-4 strain gages pro- 
duced by the Electronics & Instrumen- 
tation Division of Baldwin-Lima- 
Hamilton Corp., Waltham 54, Mass. 
The strain gages measure, in micro- 
inches, the elastic deformation of 
hoist superstructure members under 
load. The previously used destructive 
method of testing required that the 
hoist was loaded past the yield point 
to determine reaction to loading. 
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Calibration Service 


Offered 


GLEN COVE, N. ¥#=—North Hills 
Electronics, Inc. (Alexander PI., Glen 
Cove, N. Y.) has established a stand- 
ards laboratory and is initiating a 
service for industry for the measure- 
ment and calibration of any type of 
equipment requiring measurements of 
d-c voltage, current and resistance to 
better than 0.01%. Primary voltage 
and resistance standards which have 
been certified by the National Bureau 
of Standards consist of banks of sat- 
urated standard cells certified to 
0.001% and NBS-type resistors kept 
in a precisely controlled temperature 
oil bath, whose temperature is main- 
tained at 28° C within 0.01°. North 
Hills will certify that its measure- 
ments are traceable to the National 


recognize the family? ge 


You might. They keep the best of company. And they’re just part of NEREM 61 


the total data recording capability only CEC can give you. 1 There e 4 << tig 
are Magnetic Tape Recorders for ground station systems and portable Meeting Exhibition 
use... Tape Degaussers ... D-C Amplifiers... Multichannel Record- | | BOSTON, MASS.—The Fifteenth 


ing Oscillographs with a complete line of recording papers and process- Northeast Electronics Research and 


: Engineering Meeting (NEREM 61) 
. F : : dat ut to ng s. S-4° 
ing chemicals... Transducers, too. A whole lot From data inp rll hee: hell de Masten, Meamiainn 3h. 


output, the CEC family is the most extensive and compatible any- 56, "Fhiad lent 47 te mallain’s hor. 
where! © Special project? CEC can handle it. As they did with the tronic engineering events, the meet- 
Mercury Space Capsule Recorder shown in the left middleground. ing-exhibition is sponsored by the 
For any data recording job, call your nearest CEC office. Or write today | Boston, Connecticut, and Western 


é Massachusetts Sections of the IRE. A 
for CEC Bulletins 1309-X2 and 1310-X2. total of over 90 papers, authored by 


more than 100 scientists and engi- 
‘ | neers, will.be presented at 22 sessions, 
| including panel workshop day-eve- 


Data Recorders Division ning meetings. For information write 


NSOLIDATED ELECTRODYNAMICS Lewis Winner, Consultant, 152 W. 
Saeanee CALIFORNIA © A SUBSIDIARY OF BELL & HOWELL ) 42nd St., New York 36, N. Y. 


CIRCLE 11 ON READER-SERVICE CARD 
Page 1774 Instruments & Control Systems—Vo). 34 








Metrology Training 


Courses 
BURBANK. CALIF.—MetroLonics 


Institute of Metrology, a Division 
of MetroLonics, Inc., will offer 12 
metrology training courses on 18 sep- 
arate dates between September 25 and 
December 15. 

Courses covered include: Intro- 
duction to Linear Metrology; Intro- 
duction to Hydraulic Metrology; 


F 
Interferometry and Gage Block Cali- 
bration; Gage Block Calibration by 
Comparison; Thread Calibration; 
Surface Plate and Flatness Calibra- 
tion; Gear Calibration and Inspec- 
tion; Angle Measurements; Autocol- 
limation and Alignment; Inspection 
Techniques (General); Surface 
Roughness and Roundness; and Non- 
Destructive Testing. For information 
contact Grace Hansen, Registrar, 
MetroLonics Institute of Metrology, 
2201 N. Hollywood Way, Burbank, 
Calif. 
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Heat Capacity of 


Diamond 
WASHINGTON, D.C.—The high- 


temperature heat capacity of diamond 
has been measured at the National 
Bureau of Standards using a “drop” 
method. The data, accurate to within 
0.5% over most of the range (323 to 
1073°K), join smoothly with low 
temperature values, and provide a ba- 
sis for verifying theoretical treat- 
ments of diamond lattice dynamics. 

The usual procedure for solving 
problems concerning diamond lattice 
dynamics is to propose a model of 
the interatomic forces and, employ- 
ing the elastic constants and first-or- 
der Raman frequency shift, to solve a 
series of equations leading to a calcu- 
lated value of heat capacity. 

The apparatus consists of a vertical 
metal tube, the upper end of which 
is surrounded by an electric furnace 
and the lower end of which extends 
into a Bunsen ice calorimeter. 
Around the lower end of the tube is 
formed a solid mantle of ice, which 

(Continued next page) 





meet the latest member 


For a new product, CEC’s GR-2800 Recorder/Reproducer 
is grown-up indeed. It is more versatile, has a higher stability 
and costs less than any comparable instrument. Proof is in 
its features: solid state electronics; direct, FM and PDM 
modes; plug-in amplifiers interchangeable with PR-3300 
electronics; magnetic amplifier tape tension control; six 
standard speeds 17% to 60 ips; direct record response 100 
cps — 100 kc; FM response 0 - 10 ke; and 14-channel re- 
corder /reproducer in a single cabinet. 0 Want to know more? 


Call your CEC office or write for Bulletin CEC 2800-X5. 


CEC 


Data Recorders Division 
CONSOLIDATED ELECTRODYNAMICS 
PASADENA, CALIFORNIA e A SUBSIDIARY OF BELL & HOWELL 
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“*eeeeeeenee*”” INT A SMALL PUMP 


The New W&T Series 100 


The Wallace & Tiernan Series 100 Metering Pump 
borrowed its design from W&T’s Heavy Duty Pumps. 
Big-pump features are retained. Only size is scaled 
down for jobs like boiler-feed-water treatment. 


The Series 100 Pump is one enclosed unit. There 
are no exposed moving parts. Motor and drive trans- 
mit thrust in a straight line. Pumping forces are 
absorbed by the heavy gear case. There are no 





rocker arms, no base-plate loads to twist components 
out of alignment. 


Spring-loaded stuffing box assures proper pressure 


on the packing, prevents over-tightening, automati- 
cally adjusts for wear. Packing is easily replaced. 


Stroke length is adjusted over a 10 to 1 range while 
the pump is running. Even in the double simplex, 
each liquid end is individually adjusted. 


The Series 100 Pump de - 
livers 3.2 gph vs 1200 psi, 
50 gph vs 100 psi, repeat - 
able within +1%. You get 
big-pump performance at a 
small- capacity price. 


For more information, write Dept. L-10. 48 


WALLACE & TIERNAN INC. 
25 MAIN STREET, BELLEVILLE 9, NEW JERSEY 
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in turn is surrounded by ice water. 
In the bottom of the calorimeter is a 
pool of mercury, which is connected 
to an outside reservoir through a 
small tube. The water-ice-mercury 
vessel is sealed from the atmosphere, 
and is insulated by a surrounding 
bath maintained at the ice point. 


HUMBLE OIL & REFINING CO. 
has installed a solid-state Bendix G-20 
computer at its Houston Research 
Center. It will be used primarily by 
the production research department 
in developing techniques for gather- 
ing a larger percentage of oil from 
the company’s reservoirs. 


EASTERN ANALYTICAL SYMPOSI- 
UM AND EXHIBIT will be held Nov. 
15-16-17 at Hotel Statler-Hilton, New 
York, N. Y., sponsored by several 
analytical groups, including NY and 
NJ Sections of American Chemical 
Society, Society for Applied Spectro- 
scopy, etc. More than 50 papers will 
be given, and a panel will discuss 
“Detectors for Gas Chromatography.” 
For information contact Dr. Saul 
Gordon, Program Chairman, Fair- 
leigh-Dickinson Univ., Dept. of 
Chemistry, Madison, N. J. 


STACKPOLE CARBON COMPANY 
announces that Russell T. Dean has 
been appointed Chief Engineer of the 
Resistor Engineering Department. 


DAGE ELECTRIC COMPANY an- 
nounces that Malcolm H. Burdett 


has been named Chief Engineer. 


WARD LEONARD ELECTRIC CO. 
announces appointment of Long & 
Associates, Inc., 505 Middlefield Rd., 
Redwood City, Calif. as their elec- 
tronic representative in the San Fran- 
cisco area. 





U-Tube accuracy 
with Fast, 
Direct Readout.. 


BOOKS 





The Application of Elliptical 
Functions, by Alfred George Green- 


hill, Dover Publications, Inc., 180 
Varick St., New York 14, N. Y., 357 
pp, 8”, paperbound, $1.75. An un- 
abridged, unaltered republication of 
the work first published in 1892. 
Formulas are developed immediately 
out of definite physical or geometric 
problems. Each problem is carried 
through step by step in detail. 

CIRCLE 199 ON READER-SERVICE CARD 
Semiconductor Digest, published 
by Systematic Programming & Edit- 
ing Co., 3604 Woodland, Kansas City, 
Mo. 346 pp., 9”, ring-binder $12.50. 
Book consists of specifications on 
diodes, rectifiers, variable capacitors. 
Types of twenty-seven major manu- 
facturers are listed. Electrical specs 
are arranged for immediate selec- 
tion of type to solve specific applica- 
tion or replacement problems. 

CIRCLE 200 ON READER-SERVICE CARD 
Advances in Astronautical Sci- 
ences, Vol. 5, [cl960] American 
Astronautical Society, Inc. distributed 
by Plenum Press, Inc., 227 West 
17th St., New York 11, N. Y., 356 
pp., 10”, clothbound, $8.00. Volume 
presents Proceedings of the sec- 
ond Western National Meeting of the 
American Astronautical Society. Con- 
tains 26 reports on theoretical and 
experimental aspects of the most 
recent astronautical research. 

CIRCLE 201 ON READER-SERVICE CARD 
Digital Computer Principles, by 
Wayne C. Irwin, [cl1960] D. Van 
Nostrand Company, Inc., 120 Alex- 
ander St., Princeton, N. J. 321 pp.. 
9”, clothbound, $8.00. A book for 
the beginner. Emphasis is on princi- 
ples, illustrated with examples of 
circuits, devices, and systems. The 
author starts with the details and 
synthesizes a general system. 

CIRCLE 202 ON READER-SERVICE CARD 
Digital Computer and Control 
Engineering, by Robert Steven Led- 
ley, [c1960] McGraw-Hill Book Co., 
Inc., 330 West 42nd St., New York 
36, N. Y., 835 pp., 9”, clothbound, 
$14.50. An elementary engineering 
textbook intended for senior under- 
graduates. Covers all aspects of the 
field from a detailed engineering 
point of view. 
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Rocket Propellant Handbook, by 





PRECISION 
MERCURIAL 
MANOMETER 


The FA-187 Manometer guaran- 
tees readings accurate to 1/5,000. 
Accuracy is traceable to NBS. A 
magnetic vernier reads tenths of 
the main scale graduations, per- 
mits direct readings to 0.001” Hg. 
Five vernier scales in different 
units allow changing the manome- 
ter scale without changing the ver- 
nier. 


The Wallace & Tiernan FA-187 


Manometer also gives: 


* Range: 800 mm. Hg, or equiva- 
lent 


* Sensitivity: 1/25,000 


* Full temperature and gravity 
compensation 


Scales interchangeable without 
recalibration of temperature 
and gravity adjustments 


* Calibration in any pressure unit, 
or equivalent 


* One or two sets of graduations 
on a single scale 


Use the W&T Mercurial Manome- 
ter to measure absolute or differ- 
ential pressures accurately. Or, 
quickly convert it to a barometer 
on the job. 


For more information, 
write Dept, A-134.48 


WALLACE & TIERNAN INC. 
25 MAIN STREET, BELLEVILLE 8, NEW JERSEY 


Boris Kit and Douglas Evered, 
[c1960] The Macmillan Company 
60 Fifth Ave., New York 11, N. Y., 


(Continued next page) 
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Switches 


FOR LIFETIME SERVICE... 
MULTIPLE FUNCTIONS 


Start pumps, open or shut 
valves, sound alarms automa- 
tically . . . with these new high- 
load “‘Level-Ac” liquid level con- 
trols by Robertshaw, actuated 
by ceramic permanent magnets. 

Designed for open or pres- 
surized systems, these float- 
type switches provide constant 
control of levels in boilers, pro- 
cess vessels or other containers, 
with a long list of major ad- 
vantages: 


@ Extreme resistance to de- 
magnetization . . . highest of 
any commercial magnetic material. 


@ Multiple switching functions 
(up to 7 combinations) in small 
housing due to higher concentra- 
tion of magnetic force. 


@ Pneumatic or electric models 
... explosion-proof housing avail- 
able for electric switches. 


@ Choice of mountings... . all- 
welded or flanged external float 
cages; top-mounting with tubular 
or 3-rod guides; side-mounting. 














\ 


@ Wide pressure range .. . pres- 
sure- equalizing floats for high- 
pressure applications. 


@Fewer moving parts for 
trouble-free operation, lower cost. 


@”High-load” snap switch... 
avoids need for leveling. 


Just out! Complete description in new folder RL-765 


FULTON SYLPHON DIVISION © KNOXVILLE 1, 


TENNESSEE 
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354 pp., 914”, clothbound, $12.50. 
An unclassified reference work de- 
scribing nearly a hundred chemicals 
for possible use as rocket propellants, 
including fuels, oxidizers, and mono- 
propellants. Covers physical and 
chemical properties, performance 
characteristics, etc. and contains val- 
uable tabulated data for each sub- 


stance. 
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Pocket Handbook for Industrial 
Instrumentation and Process 
Control, 1960, published by Siemens 
& Haske A.G., Room 6800, Empire 
State Building, New York, N. Y., 239 
pp, 634”, clothbound $2.00. Contains 
44 tables from Greek alphabet to 
effect of neutron bombardment, and 
14 chapters on measurements of basic 
variables and automatic control as 


well as data processing. 
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Basics of Induction Heating, by 
Chester A. Tudbury, in two volumes, 
[c1960] John F. Rider Publishers, 
Inc., 116 W. 14th St., New York 11, 
N. Y., 140 plus 144 pp., 9”, soft cov- 
er, $3.90 each. Intended for students 
in high schools, technical institutes, 
and industrial training courses. Ex- 
plains what induction heating is and 
how it works. Uses “pictured text” 
approach. Has review questions at 


the end of each section. 
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Digital Computer Fundamentals 
by Thomas C. Bartree, [c1960] Mc- 
Graw-Hill Book Co., 330 W. 42nd St., 
New York 36, N. Y., 342 pp., 9” cloth- 
bound $6.50. After introduction to 
functions and applications of com- 
puters, circuitry is explained and 
major divisions with elements used 
in each of them are thoroughly de- 


scribed. 
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Ordinary Differential Equations 
and Their Solutions by George M. 
Murphy [cl1960] D. Van Nostrand 
Lo., Inc., 120 Alexander St., Prince- 
ton, N. J., 451 pp., 9”, clothbound 
$8.50. Said to be first book in Eng- 
lish presenting a compendium of 
methods for solving ordinary dif- 
ferential equations, supplemented by 
a tabulation of some 2,000 equations 


and their solutions. 
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Computer Logie by Ivan Flores, 
[c1960], Prentice-Hall, Inc., Engle- 
wood Cliffs, N. J., 458 pp., 9”, cloth- 
bound $12.00. Requiring little en- 
gineering or mathematical back- 
ground, book describes and illustrates 
with block diagrams how a computer 
is put together and how it works, 
and provides practice and drill prob- 
lems necessary for acquiring facility 


with computer concepts. 
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This “jeweled” escapement brings you fine 


watch quality in chart drives 


See how easy it is to convert to 
seven different rotation rates 
The main arbor on the basic chart drive has a rotation rate of 
seven days. Economical snap on turrets convert this rate to 8 
day, 15 day, 16 day, 24 day, 30 day, 31 day and 24 hour 
rotation. No tools are required and you can even change chart 
rotation without removing the drive from the instrument. 


Now, for the first time you get the extra value of a jeweled 
movement. This superior construction makes Rockwell chart 
drives more accurate and sensitive than ordinary chart drives. 
It requires less power to drive and is extremely durable since 
there are seven hard jeweled surfaces to overcome friction 
and wear. 

You can use these jeweled movement chart drives with 
profit to power all your recording instruments. They will 
adapt into practically any instrument case. Speed changing 
turrets (see left) permit varying rotation rates at will. Write 
for bulletin. Rockwell Manufacturing Company, Dept. 58-K, 
Pittsburgh 8, Pa. In Canada, Rockwell Manufacturing Com- 
pany of Canada, Ltd., P.O. Box 420, Guelph, Ontario. 


JEWELED CHART DRIVES 


ROCKWELL” 
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A Split-body Valve is not a “Specialty” 


...it is a practical, all-purpose control valve 


‘ The Conoflow Series LB valve shown is handling 100 psi steam. This is not unusual. Actually, the vast 
majority of the thousands of LB valves in service are handling water, steam and other common plant 
fluids. In fact, more than 80% of LB orders call for standard cast steel or ductile iron construction. 


LB valves were selected because they give better control, greater depend- 
ability and unequalled maintenance savings, all at a low initial cost. 


More and more users are standardizing on the LB valve right down the 
line because they know that LB valves mean /ess downtime, resulting in a 
more profitable plant operation. 


Write for NEW Bulletin LB-4. Be convinced. 


ONOFL 


wee’! CONOCOFLOW CORPORATION 
<> FOREMOST IN FINAL CONTROL ELEMENTS 
2100 ARCH STREET, PHILADELPHIA 3, PA. 
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nearly everybody 
in electronic 
laboratories reads 
Video Instrument catalogs... 
get yours! 


When your mind gets back to amplifiers, remember that Video Instruments now provides four types of 
laboratory and field tested solid state amplifiers—chopper stabilized, sub-miniature airborne, galva- 
nometer driver, and “pure” direct coupled. Complete specifications are available in Vi’s latest catalog 
—and, as a reward for promptness, we will also send you a technical discussion of common mode rejec- 
tion. Write Video Instruments—then get back to work. 


VIDEO INSTRUMENTS COMPANY, ING. 3002 Pennsylvania Avenue, Santa Monica, California Vi 











no 
problems 
with... 


With Hi-Seal® fittings you can make tube bends close to 
the fitting—in fact, right next to it. Here Hi-Seal is in a 
class by itself. 

Hi-Seal’s simplified design with flareless butt joint 
makes this possible. The advantages? More compact lay- 
outs. Save on tubing. Shorten installation time by as 
much as 50%. Gain utmost reliability. SAVE MONEY. To 
get these advantages, insist on Hi-Seal. 

For complete information, write for Bulletin 3108. 


BUTT JOINT 


HESEAL 


IMPERIAL @PEASTMAN 


imperial-Eastman Corporation General Offices: 6300 West Howard Street, Chicago 48, Illinois 


In Canada: Imperial-Eastman Corporation (Canada) Lid., Toronto 
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Close Bends with Hi-Seal 
Save Time, Space, Tubing 


Look at what you can do when you use 
Hi-Seal fittings: 


1) my ets Ht it ier 





This typical layout has “old-fash- 
ioned” tube fittings. Layout area, 
257 sq. in.; 12.7 ft. of tubing; in- 
stallation time 2 hr., 34 min. 


“ ou 


Same layout with Hi-Seal tube 
fittings. Layout area reduced 32% 
to 175 sq. in.; tubing reduced 40% 
to 7.7 ft.; installation time reduced 
nearly 50% to 1 hr., 20 min.! 


All this is possible because of 
Hi-Seal’s exclusive flareless, butt 
joint design. This means that tube 
bends may be made right next to 
the fittings. Even direct tube con- 
nections may be made without any 
extra loops to allow for tube entry 
into the fitting. 

One Fitting for the Entire System 
However varied your requirements 
may be, Hi-Seal meets them. Avail- 
able in all styles, sizes and combi- 
nations, plus a variety of metals: 
steel, stainless steel, brass, alumi- 
num, titanium, Monel, etc. 


Now Imperial-Eastman meets all your 
requirements for hydraulic-pneumatic- 
flow system components: tube fittings, 
valves, couplings, flexible and rigid 
hydraulic and pneumatic hose, thermo- 
plastic tubing, tubing tools. 


FITTINGS 





EVENTS 





November 1-3 


Annual SESA Meeting, Hotel New 
Yorker, New York, N. Y. For infor- 
mation write B. E. Rossi, Executive 
Secretary, Society for Experimental 
Stress Analysis, 21 Bridge Square, 
Westport, Mass. 


November 2-3 


Annual Instrumentation Conference, 
Louisiana Polytechnic Institute, Rus- 
ton, La. For information write the 
above. 


November 5-8 

American Documentation Institute 
annual convention, Somerset Hotel, 
Boston, Mass. and Kresge Auditorium, 
M.I.T. For information write P. D. 
Vachon Melpar, Inc., Applied Science 
Division, 11 Galen St., Watertown 
72, Mass. 


November 6 

Ninth Hot Laboratory and Equipment 
Conference, Conrad Hilton Hotel, 
Chicago, Ill. For information write 
American Nuclear Society, 86 East 
Randolph St., Chicago 1, III. 


November 6-8 

Sixth Annual Special Technical Con- 
ference on Non-Linear Magnetics, 
sponsored by AIEE and IRE, Statler 
Hilton Hotel, Los Angeles, Calif. For 
information write Dr. T. Bernstein, 
Space Technology Labs., P. O. Box 
95001, Los Angeles 45, Calif. 


November 13-16 

Seventh Annual Conference on Mag- 
netism and Magnetic Materials spon- 
sored by IRE, AIEE, AIP, et al. For 
information write Dr. Peter B. Myers, 
Motorola Semiconductor Proaucts 
ps 5005 E. McDowell Rd., Phoenix, 

riz. 


November 14, 1961 

Symposium on Electronic Systems 
Reliability sponsored by Kansas City 
IRE Section Linda Hall Library 
Auditorium, 5109 Cherry, Kansas 
City, Mo. For information write F. A. 
Spies, Bendix Corp., Kansas City Div., 
P. O. Box 1159, Kansas City, Mo. 


November 14-16 

Fifteenth Northeast Electronics Re- 
search and Engineering Meeting and 
Exhibit (NEREM) Commonwealth 
Armory and Somerset Hotel, Boston, 
Mass. For information write Lewis 
Winner, Consultant, 152 W. 42nd St., 
New York 36, N. Y. 


November 15-17 

Eastern Analytical Symposium spon- 
sored by ACS, et al. Hotel Statler Hil- 
ton. For information write Dr. Arnold 
Mowitz, Interchemical Corp., 432 
West 45th St., New York 36, N. Y. 


December 12-14 

Eastern Joint Computer Conference 
(EJCC), sponsored by IRE, AIEE, 
ACM, Sheraton-Park Hotel, Washing- 
ton D. C. For information write 
Bruce Oldfield, IBM Corp., 326 E. 
Montgomery, Rockville, Md. 











ATL 
PROFILE MONITOR 


Bar-graph dis- 
play of pres- 
sure, tempera- 
ture, velocity, 
and other var- 
iables on 17” 
CRT. Scans up 
to 48 channels, 
each 20 times 
per second. Alarm functions when 
set point is exceeded. 


ATL 


DELTASWITCH 
HIGH SPEED MERCURY JET COMMUTATOR 


Provides high sam- 
pling rates and long, 
trouble-free opera- 
tion. Uses mercury jet 
in place of conven- 
tional wiper arm. 
Models available 
with 64, 81, or 100 
channels per pole, 
single or multiple 
poles, for 1200 or 
1800 rpm operation. 


TYPICAL SYSTEM 


Illustrated below is a system combining ATL 
thermocouples, Deltaswitch, and Profile 
Monitor to display temperature gradients 
along a surface or at various depths in a 
heat shield. 





TRANSDUCERS DELTASWITCH 
DELTA-COUPLES) COMMUTATOR 


SRST 
al| 


PROFILE MONITOR 
READOUT 
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For detailed information write: 


ADVANCED 
TECHNOLOGY 
LABORATORIES 


A DIVISION OF Amenrican-Standard 
969. WHISMAN ROAD + MOUNTAIN VIEW, CALIFORNIA ». 
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sharp 


AMERICAN BI-METAL THERMOMETERS make 


accurate temperature readings sharp and sure at all check points 


American Dial Thermometers 
are also available in mercury, 
vapor pressure, and gas actua- 
tion ... on-the-spot and distant 
reading types ...in sizes, ranges 
and stem lengths to meet your 
most exacting requirements. 


Sensitive 


MAXWELL 


MANNING 


Any way you look at an American Bi-Metal 
Thermometer, you see exact working tempera- 
tures. 


The two-level ‘“Maxivision®” dial eliminates 
parallax effects. Numerals are on the lower level. 
Graduations are on the outer raised ring dial 
which presents a sheared edge to the tip of the 
pointer and in the same plane. To make read- 
ability even more accurate, the glass and gradu- 
ated dial are closely spaced. 


American Bi-Metal Thermometers are made of 
weather-proof stainless steel. All joints are 


A product of 


Ni JXOON 9 


welded to solid unity, then polished smooth so 
corrosion won't build up and destroy the ther- 
mometer’s usefulness. And, you don’t have to 
discard this thermometer even if the glass is 
ever broken. The bayonet lock bezel makes 
replacement easy. 


Learn about the high sustained accuracy and 
long service life built into American Bi-Metal 
Thermometers. Phone your nearby industrial 
supply distributor for help in selecting the right 
type for each temperature check point in your 
plant. Or write for Catalog 155. 


AMERICAN INDUSTRIAL THERMOMETERS 


MANNING, MAXWELL & MOORE, INC. 


Gauge and Instrument Division + Stratford, Connecticut 


Canada: Manning, Maxwell & Moore of Canada, Ltd., Galt, Ontario 
Latin America: Export Division, Chrysler Building, New York, N.Y. 
Europe: Manning, Maxwell & Moore, S. A., F ribourg, Switzerland 
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THE 
“SUPERVISOR 

ey 

SHOWS 

YOU 

NY 


PLACES 


TO CUT PLANT OPERATING COS 


There are three basic ways to 
combat the steadily rising cost of 
plant operation. Two of them are 
hard ways: buying higher capacity 
initial equipment, or, trying to find 
more efficient equipment. So many 
advances have already been made 
in these directions that any overall 
economy you may gain in the future 
promises to be small. 


But the third way to save—and this 
is the easy one—is to increase the 
reliability of your equipment, 
thereby lowering your maintenance 
expenses and perhaps even 
reducing the amount of standby 


equipment needed. Omniguard is a proven super- 
visory system that enables you to do just this. It 
continuously supervises bearing temperatures in 


For comple te 


information on the Edison Omniguard System, and the 


0 260 280 
perature, deg. F 

Temperature vs. fatigue life of a tin-base 

babbitt bearing at a unit load of 2000 psi 


Dozens of machines at as many different 
locations can be watched from a single 
panel for signs of excessive bearing operat- 
ing temperatures. 


gcae a0en ne pane 
goge| bean) apes! anes 
TT, 


aait 


available for different kinds of machinery, write for Catalog 3036D., 


Thomas A. Edison Industries 
INSTRUMENT DIVISION 


41 LAKESIDE AVENUE, WEST ORANGE, N. J. 
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variations 


your heavy rotating equipment, 
preventing bearing failures and 
extending bearing life, sometimes 
by years. Omniguard also monitors 
lube oil pressures, pump suction 
and discharge pressures, and other 
variables of a critical nature. 
Monitors and indicators installed 
at any convenient location away 
from the equipment, display the 
readings and provide warning sig- 
nals and automatic shut-down of 
equipment if desired. 


Omniguard keeps constant watch 
on the important temperatures 
and pressures in your plant — 


makes it easy for you to avoid the expensive 
repair jobs and down time that would 
otherwise be part of your operating expense. 
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To prove what you think must be so... 
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That’s the toughest job. Somebody’s got to instruments to get the job done. Are you look- 
pore over every ounce of research that’s gone ing for a place to start? Or ready to check out 


before. And look into every possible an elusive clue now? Call in a man 
place for a clue...or even a place to get ( a from the CEC sales and service office 


started. That’s where CEC comes in. nearest you. He might know a way. 
That’s all CEC men do for a living—discovering CONSOLIDATED ELECTRODYNAMICS 


a PASADENA, CALIFORNIA e A SUBSIDIARY OF BELL & HOWELL 
the way, Gr ways, to ere record, and — DATA RECORDERS DIVISION * ANALYTICAL & CONTROL DIVISION * TRANSDUCER 


lyze what you have to know. And building the DIVISON * CONSOLIDATED SYSTEMS CORP. * CONSOLIDATED VACUUM CORP. 
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Automatic Switching 
Eliminates 
Matching of Pressures win 


New Honeywell Pneumatik Tel-O-Set Instrumentation 


Honeywell brings new features, new performance to small case 
instruments with the introduction of PneumatiK Tel-O-Set Instrumentation. 
Here are just a few of the many new features: 


Automatic Switching Just a flip of the control lever switches the instrument 
from automatic to manual or vice versa. There are no bumps, no 

delays, no matching of pressures required. This simplified switching makes 
cascade control systems practical for the operator. 


Easily accessible adjustments Zero and damping adjustments to pen 

can be made while the pen is recording. Effects of adjustments can 

be seen while they are being made. Since it is not necessary to withdraw the 
recording chassis to make adjustments, there is no possibility of 

causing a pen zero shift. 


Interchangeable chassis and controllers Recording and indicating chassis 
are interchangeable. Just pull out one chassis and plug in the other. 
Quick-connect air terminals eliminate the need for tubing connections. Two- 
and three-mode controllers with backset adjustments are also 

completely interchangeable. 


Easy-to-read, easy-to-change 4-inch charts Pen position on the 4-inch 
chart permits instantaneous reading of variables at all times. Pen arm 
design also permits rectilinear recording. Front-loading, tilt-out chart 
drive makes it easy to change chart rolls in a matter of minutes. 


All cases fit 6 x 6 cutouts All models fit standard panel cutout of 
6” x 6”. Overall dimensions: 634” wide; 714” high; 1514” deep. 


Calibrated control adjustment Adjustments to controller can be easily 
made from back of the panel by removing controller cover. Calibrated 
dials for each adjustment ensure precise setting of proportional band, reset 
and rate values. Optional front-set control adjustments make it easy 

to set control from front of panel. 


Easy to remove components To remove any particular component 
from the case, it is only necessary to loosen a screw or lift a latch. 


HANDY RENONSTRA TOR: IN-PRINT Get the full story 
on new Honeywell PneumatiK Tel-O-Set 
Instrumentation by writing for this handy 
demonstration-in-print. This booklet covers in words 
and pictures all the important installation, operation 
and maintenance features of the new line. It will 
help you evaluate the many advantages PneumatiK 

= Tel-O-Set holds for your process. Send for it 

‘las: MINNEAPOLIS- HONEYWELL, 4402 Wayne Avenue, 

Philadelphia 44, Pa. In Canada, Honeywell Controls, Ltd., 

Toronto 17, Ontario. 


HONEYWELL INTERNATIONAL Sales and Service offices in principal cities of the world. Manufacturing 
in United States, United Kingdom, Canada, Netherlands, Germany, France, Japan. 
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TRENDS 





Over 7000 general-purpose computers are expected to be delivered during 
the next 24 months, says 7th semi-annual John Diebold & Associates com- 
puter census. The JD&A Census indicates that 5371 computers had been de- 
livered by June 30, 1961. Of this total, 5776 are "vacuum tube” machines and 
1595 are the newer transistorized (solid state) systems. Of the 7000 G-P 
computers on order, 4800 are small-size IBM 1401, 450 are desk-size IBM 
1620, 350 are medium-size IBM 7070- Series,150 are large-size IBM 7090. 








More than $2.7 billion will be spent for space research in fiscal 1962. 
NASA will receive $1.7 billion; military $1 billion. 











Scientists and engineers employed in the performance of research and 
development in the natural sciences in the United States numbered ap- 
proximately 331,000 in 1958, an increase of almost 50% over comparable 
figure of 223,000 for 1954, the NSF survey base year, says NSF.The up- 
ward trend reflects the rise of about 95% in expenditures (current oper- 
ating costs) for the conduct of research and development. 














During 1960, the Federal Power Commission authorized natural gas con- 
struction involving more than $787.6 millions and including 5,784 miles 
of natural gas pipelines. At the end of 1960, proved recoverable re- 
serves of natural gas were at an all-time high of 263.8 trillion CF. 
Despite a net production of 13.1 trillion CF during the year, the proved 
reserves at the end of 1960 were 1.2 trillion CF greater than at the 

end of the preceding year, says Gas Appliance Manufacturers Assoc. 

















Total end-use need for four energy consuming sectors (residential, com- 
mercial, industrial, motive) was equivalent to 26,000 trillion Btu in 
1959. The sum of separate projections of end-use energy requirements 

in each consuming sector is expected to reach 47,000 trillion Btu in 
1970, and 64,500 trillion Btu by 1980, says Oil Gas Journal. 























Oxygen preduction has doubled in last five years, reaching 4.5 million 
tons in 1960, is expected to reach 14 million tons by 1970, says Chemi- 
cal Processing. Steel industry uses 45% of total (open hearths, blast 
furnaces, L-D converters, Kaldo converters, scarfing, etc.); chemical 
industry uses about 40% (making acetylene, methanol, ethylene oxide, 
ammonia, ozone, hydrogen peroxide, formaldehyde, etc.); remainder is 
used in medical and aviation breathing, welding, metal cutting, polish- 
ing, etc.). Major chemical uses (tons/year are as follows: acetylene— 
900,000; synthesis gas (ammonia and methanol manufacture )—900,000; 
propane, butane oxidation products—150,000; ethylene oxide—125,000. 

















Gas _ industry sales in 1960 climbed 12%, to a total of nearly $5.7 bil- 
lion—and it is expected that they will pass the $6 billion-mark in 

1961. Reserves reached 262.6 trillion CF at the beginning of 1960. New 
reserves discovered in 1959—nearly 6 trillion CF—were the third high- 
est on record, exceeded only by discoveries in 1957 and 1953, says AGA. 
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Proven Performer 


THE BENDIX G-15 COMPUTER... is daily demonstrating 
its ability to save time and money at hundreds of installations 
in industry after industry...has established an overall relia- 
bility record of 97.4%. Other reasons behind continuing 
G-15 leadership: ease of use...over 1000 programs imme- 
diately available at no charge...versatility and expandability 
resulting from the widest selection of input-output acces- 
sory units. Continuing systems support in depth and a 
vigorous users EXCHANGE organization combine to 
broaden application usefulness...assure maximum system 


effectiveness at minimum cost. Speaking of cost, G-15 
proven performance is yours for as little as $1,485 a month. 
Investigate the Bendix G-15...prove to your own satisfac- 
tion how its demonstrated superiority can bring important 
time and dollar savings to your organization. 


Call your Bendix Computer representative, or write: 


Bendix Computer Division 


DEPT. J-35, LOS ANGELES 45, CALIFORNIA 
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4 MAJOR DIGITAL VOLTMETER 
ADVANCEMENTS FROM NLS 


Now Make 15,000 Highly Accurate 
DC Measurements) Sec... Measure 
VDC-Ratio-Ohms to Full 5 Digits 
... Buy a Quality DVM or Ohmmeter 
for $1,460... Use Digital Vo/tmeters 
in Go/No-Go Testing 


484A VOLTMETER-RATIOMETER 


784 DIGITAL OHMMETER 


MODEL 54A DIGITAL COMPARATOR 


MODEL 15 A/D CONVERTER — 4-digit instrument bringing high 
accuracy to high-speed measuring and data logging . . . 15,000 
measurements/sec . . . accuracy: +0.01% + 1 digit from 0 to 
full scale from 0 to 40°C ... any range from +1 to +100 v. 
full scale ...true bipolar digital output, high output current, 
uses internal or external clock . . . constant input impedance. 
Price: $6,985. 

M25 5-DIGIT VOLT-RATIO-OHMMETER —ultra-reliable instrument 
measuring DC volts, DC ratio and ohms with full 5-digit resolu- 
tion of 0.001% and accuracy of +0.01% of reading + 1 digit over 
entire range of +0.0001 to +999.99 v. and .1 ohm to 1 meg... 
10 to 1000 meg input z. . . twice speed of fastest stepping switch 
DVMs.. . advanced transistor circuitry with ultra-reliable mer- 
cury relays with 171 years life expectancy .. . input filter... 
remotely programmable . . . fully automatic . . . data logging 
output . . . AC or low-level DC with accessories. Price: $5,685 


484A DIGITAL VOLTMETER-RATIOMETER — most versatile and 
highest quality instrument at low cost . . . measures +0.001 to 
+999.9 VDC and DC ratio up to +99.99% . . . +0.01% accuracy 
. .. 10 meg input . . . auto range and polarity . . . input filter 
. .. built-in auto print control .. only a few dollars more than 
cheapest DVMs without such quality features as plug-in step- 
ping switches that can be replaced in seconds for troubleshoot- 
ing, snap-out readout, wiye-wound resistors, epoxy fiberglass 
circuit boards . . . measures AC or low-level DC with accessories. 
Price: $1,460. 

784 DIGITAL OHMMETER — for precise measuring and logging at 
low cost . . . same high quality features as 484A . . . measures 0.1 
ohm to 10 megs with accuracy of +0.05% + 1 digit (+0.1% of 
reading above 5 megs) . . . auto ranging and auto control for 
data logging. Price: $1,460. 

MODELS 54, 54A, 55, 55A DIGITAL COMPARATORS — for go/no-go 
testing, plug these into any NLS instrument having printer con- 
nection . . . limits set by BCD coded voltages, contact closures, 
or front panel knobs . . . each limit can be on any range and of 
either + or — polarity . . . signals TOO HIGH, TOO LOW, or 
OK to recording and control devices. Price. $2,035 to $2,935. 


Originator of the Digital Voltmeter 


non-linear systems, inc. 


DEL MAR, CALIFORNIA 
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Strain Recording 


Strain is a fundamental physical phenomenon . . . The 
terms “strain” and “physical deformation” are synony- 
mous. In engineering, strain refers to the change in any 
linear dimension of a body which is due to the applica- 
tion of either internal or external forces . . . 











Strain gages are electromechanical transducers that are 
applied to the surface of the material. The strain gage 
exhibits a change of electrical resistance with a change in 
strain. The change is linear, and may be measured with 
suitable instrumentation. The method, although indirect, 
is precise ... (From new 20-page Form SR, Brush Instru- 


ments, Clevite Corp., 37th & Perkins, Cleveland 14, Ohio.) 
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Space Magnetometers 


Varian Associates developed the self-oscillating alkali 


vapor resonance magnetometer (using rubidium vapor) 
to extend magnetometer capabilities. This class of mag- 
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netometer exploits magnetic field-dependent energy lev- 
els in the atom of alkali metals, through a technique of 
optical monitoring . . . The output . . . is a field-dependent 
frequency, but its signal-to-noise ratio is independent of 
the measured field . . . Due to the Zeeman effect, the en- 
ergy levels associated with the single valence electron of 
rubidium become split into various sublevels whose sep- 
arations are dependent upon the intensity of the ambient 
magnetic field . . . An ingenious technique of optical 
pumping and monitoring was developed by Dehmelt to 
produce and detect this proportional splitting, making 
practical the sensitive and accurate magnetometers de- 
scribed herein . . . (From new Geophysics Technical 
Memorandum No. 8, Instrument Div., Varian Associates, 


Palo Alto, Calif.) 
FOR THIS LITERATURE CIRCLE 211 ON READER-SERVICE CARD 
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Ratios to 0.1 PPM 


In this issue we will expand the previous discussions 
by explaining how the DMR Series Resistance Sets can 
be used to check ratio accuracies with uncertainties of 
one part in ten million (0.00001%), and, concurrently, 
how the DMR Series may be used to verify the 0.0001% 
accuracy of the VDR-106... 


10K 9 0.1 
CALIB. 


10K 10 
10K 11 


1 10K 12 


The DMR-105 Set permits series interconnections of its 
twelve Primary Standard Resistors to obtain 66 ratios. 
These ratios are defined by the fraction r = k/n where n 
is the total number of input resistors in the string and 
k is the number (less than n) across which the output 
voltage is developed. Additional ratios may be obtained 
by parallel as well as series connection of resistors, but 
for the purpose of this paper we will confine ourselves to 
the simple series connections . . . The DMR-105 Set, com- 
prises twelve 10,000 ohm primary standard resistors. In 
this resistance range the combined residual ratio error 
introduced by interconnection wiring and insulation leak- 
age will be less than one part in 10,000,000 (for a series 
string of ten resistors) if resistance uncertainty is less 
than 0.01 ohms and leakage uncertainty is greater than 
125,000 megohm . .. (From new 4-page “JRL Precision,” 
Vol. IV/No. 1, Julie Research Laboratories, Inc., 603 W. 
130th St., New York 27, N. Y.) 

FOR THIS LITERATURE CIRCLE 212 ON READER-SERVICE CARD 


Pressure-To-D-C Transducer 
Model DC-2000 Deeceeducer combines a variable-re- 


luctance diaphragm-type pressure transducer with an all- 
silicon solid-state synchronous modulator-demodulator 
circuit to provide a complete in-line instrumentation 
module for the linear conversion of pressure to a propor- 
tional d-c voltage. The DEECEEDUCER is excited from 
an unregulated 28-volt d-c supply. A regulated transis- 
torized multivibrator generates a square-wave drive to a 
variable reluctance bridge and a synchronous transistor 
demodulator. The bridge output is proportional to the 
pressure input and is demodulated and filtered to provide 
a highly linear zero-to-5 volt d-c output proportional to 
the full-scale pressure rating of the transducer. Pressure 
ranges extend from 5 to 5000 psi in gage, absolute and 
differential pressure types . . . (From new 2-page bul- 
letin, Solid State Electronics Co., 15321 Rayen St., 
Sepulveda, Calif.) 
FOR THIS LITERATURE CIRCLE 213 ON READER-SERVICE CARD 
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The worthiness of a name 


In refineries, chemical plants, and oil fields, 
many “‘old timers’’ associate the name 
“Fisher” with high quality control valves and 
liquid level controllers. Through the years, in 
their work on instruments and controls, they 
have come to know that “Fisher” means 
dependability. 


“Put a ‘Fisher’ in the line, and forget it.” 
they would always say. 


The quality found in Fisher equipment lies 
not only in metal and fiber and paint. It is 
also found in the practical design, manu- 
facturing techniques, and the rigid inspection 
program. These high quality factors along 
with outstanding research and engineering 
facilities assure you of trouble-free per- 
formance. Throughout the world, ‘“‘Fisher”’ 
means dependable control equipment. 


FISHER GOVERNOR COMPANY Marshalltown, lowa | Woodstock, Ontario [ Rochester, England 





Continuous Advanced Research . . . Fisher 
research maintains a continuous program for 
development and use of new metals and ma- 
terials to meet the increasingly severe 
conditions, encountered daily, in the nuclear 
and cryogenics fields. 


Latest Production Methods... Various new 
style grinders produce a super-finish on 
Fisher valve guides and bushings, second to 
none in the industry. It is typical of precision 
manufacturing methods that assure long, 
trouble-free operation of Fisher controls. 


Engineering and Research . . . Almost three- 
fourths of Fisher’s 41 graduate engineers 
have more than 10 years service .. . a total of 
380 years experience in design engineerin 

aimed at solving dap ped a flow contro 
problems, practically and efficiently. 


Rigid Inspection Procedures... The highest 
ratio of inspection personnel to production 
pacers in the industry is maintained at 

isher. As an example, there are no less than 
704 inspection operations on a 4” Type 657-A 
diaphragm control valve. 


If it flows through pipe anywhere in the world 
...chances are it’s controlled by..... 


Testing and Development... Representative 
of the very latest and finest in equipment that 
aids Fisher engineers in the development of 
new and improved products is the recent ad- 
dition of a test line that is capable of handling 
air or water pressures up to 2,500 psi. 


Efficient and Fast Service... ‘‘Supermarket”’ 
36-hour delivery, from the factory, on popular 
sizes and types of controls is only one of many 
services available to Fisher customers. Seven- 
teen sales offices throughout the country 
maintain field stocks for immediate delivery. 


SINCE 1880 








Semi-Digital Volt-Ohmmeter 


The Type 21A Semi-Digital Volt-Ohmmeter is a gen- 
eral purpose measuring device combining the accuracy 
of a standards-lab instrument with the ruggedness and 
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versatility of an “everyday” multi-range meter . . . Two 
conventional D’Arsonval movements are used, so ar- 
ranged that the “resolving power” of one acts to multiply 
the resolution and accuracy of the other. The result is 
accuracy corresponding approximately to three significant 
figures... 

A signal voltage proportional to the unknown voltage or 
resistance is obtained from an input amplifier. This volt- 
age (ranging from —6.4 to +6.4 volts) is applied to a 
binary digitizing circuit that produces a nearly equal 
voltage quantized in 32 very accurate steps of 0.2 volt 
each. The right-hand meter is fed from the quantized 
voltage so that it moves in discrete steps, forming a 
digital indicator. The second (right-hand) meter indicates 
the difference between the signal voltage and quantized 
voltage. It thus interpolates between the steps of the first 
meter. The sum of the readings of the two meters indicates 
the value of the unknown . . . (From new 4-page bro- 
chure, J-Omega Co., 323 First St., Los Altos, Calif.) 
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Measurement Engineering 
TEMPE, ARIZ.—“How to Obtain Valid Data on 


Purpose” is the theme for the new short courses on Meas- 
urement Engineering to be offered at Arizona State 
University, January 29 to February 2, 1962. 

The short courses consist of a lecture program and a 
concurrent experimental program. About one half of 
the lectures concentrate on the basic physical principles 
on which transducers are based and on fundamental 
measurement theory (including static and dynamic sys- 
tem behavior and the correlation between them). Parti- 
cular emphasis is placed on the interaction between sys- 
tem components and on how measurement systems are 
properly planned and designed. The other half of the 
program is devoted to measurement problems and ap- 
proaches in specific areas. 

Registration lists close on January 19, 1962. Contact 
Prof. Peter K. Stein, Engineering Center, Arizona State 
University, Tempe, Arizona, the Director for the Short 
Courses, for further information. Fees for the programs 
are $200 for the lecture program and $125 for the experi- 
mental program. 
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Digital Voltmeters and 
Volt-Ratio Meters 


A unique arrangement is used for mounting the preci- 
sion potentiometer resistors. Vibrations from stepping 
switches often cause resistor leads or solder joints to fail. 
By press fitting each resistor into a solid mounting block, 


which in turn is fastened with the stepping switch to a 
floating swivel bracket, conflicting vibrations are elim- 
inated. Also, to improve potentiometer linearity, only 
one solder junction appears between each resistor and 
its connection to the switch . . . Precision potentiometer 
resistors and stepping switches swing out so that trouble 
shooting and adjustment are done without difficulty. 
Readout tubes can be replaced in seconds by simply re- 
moving the readout bezel. Circuitry is all-transistorized, 
and complete sections such as amplifiers, switch drivers, 
reference, and power supplies, are mounted on plug-in 
cards to reduce down time if repairs become necessary 
. . . (From new 4-page bulletin Cimron Corp., 1162 
Morena Blvd., San Diego 10, Calif.) 
FOR THIS LITERATURE CIRCLE 216 ON READER-SERVICE CARD 


Algebraic Computer 


The Model 10 ESIAC Algebraic Computer calculates 
solutions for the characteristic equations of circuits and 
control systems. The results are presented as root-locus 
plots and Bode phase and gain diagrams . . . The theory 
of the computer is best explained by taking the original 
equations and separating the real and imaginary parts 
into a pair of equations... 


POWER { 


DIAL AND { [tog iF! log IK] log |s| +f 
PROBE or or or + $43 A- 
SETTINGS LF LK ds 


| meciTy 
PROBE CLAMPS (") ns 
{ 


NULL * 
octet og { [cunnent SUMMING CIRCUIT (POLARITIES CORRESPONDING TO SIGNS OF n »| 


¥ a 
DISPLAY { | MARKER 


[ Nuut INDICATOR | 

The basic principles of ESIAC are outlined in the 
block diagram . . . The grid of intersecting lines repre- 
sents a system the coordinates of which are the log magni- 
tude and the angle of a complex variable which will be 
called s. The values of the sis in the equation are points 
in this coordinate system. These currents are then added 
algebraically with polarities corresponding to the sign 
of n in each term. When the currents are exactly balanced, 
as shown by a null indicator, the equation is satisfied . . . 
(From new 4-page Catalog Sheet C-20, Electro Scientific 
Industries, Inc.—formerly Electro-Measurements, Inc.— 
7524 S. W. Macadam Ave., Portland 19, Ore.) 
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Available in portable, wali, flush and projection mounting switchboard cases. 


NEW Instrument Designs, 


Applications from Esterline Angus 


@ New '602"' Two-channel Recorder « Si- 
multaneously records two variants on adjacent 
2”-sections of single 6”-wide chart. Applica- 
tions: checking current and voltage, quality 
determination of arc welds, records of input 
vs. output. 


b New Analog-Event Recorder + One instru- 
ment does the work of two. . . simultaneously 
records analog data and up to 8 channels of 
event information on single 6”-wide chart. Ap- 
plications: wind speed and direction, substa- 
tion bus voltage and breaker operation, rate 
of production (speed) and conveyor operation, 


C New ‘'620"' Event Recorder with Tempen 
¢ Writes without ink, using electrically-heated 
styluses. Simultaneously records ‘“‘when,”’ ‘Show 
long’’ and ‘how many” on as many as 20 


channels. Applications: productive and non- 
productive time of any or all machines in a 
plant, circuit breaker action, qualitative an- 
alysis, missile performance. 


d New Expanded Scale Voltmeter + Pro- 
vides increased readability of voltage records 
as upper 4 of voltage range is expanded to 
fill upper 80% of chart span. Applications: 
checking voltage regulation, voltage records, 
trouble-shooting. 


Standing solidly behind the creative designs of our engi- 
neering staff are the highly-developed skill and attention to 
detail of our master craftsmen. At right, M. R. Felske, 
Master Craftsman at Esterline Angus for 34 years. For more 
detailed information on any instrument or its applications, 
write: ESTERLINE ANGUS INSTRUMENT COMPANY, INC., 
Box 596-N, Indianapolis 6, Indiana, 














Excellence in graphic recording for over 50 yars—ESTERLINE ANGUS 


Makers of instruments to record: MICROAMPERES, DC - MILLIAMPERES, DC - AMPERES, AC AND DC «- VOLTS, AC AND OC - WATTS, AC AND OC 
KVA, KVAR - VOLTAGE TRANSIENTS, AC + FREQUENCY » POWER FACTOR - EVENTS - SPEED - POSITION - MOTION - PRESSURE - VACUUM 





AMPERITE 


Thermostatic DELAY RELAYS 








Only a glass seal 


offers true hermetic sealing 
.. assuring maximum stability and life! 


Delays: 2 to 180 seconds. . . Actuated by a heater, 
they operate on A.C., D.C., or Pulsating Current . . . Being hermetically 
sealed, they are not affected by altitude, moisture, or climate changes 
. . . SPST only—normally open or normally closed . . . Compensated for 
ambient temperature changes from —55° to +80° C. . . . Heaters 
consume approximately 2 W. and may be operated continuously . . . The 
units ore rugged, explosion-proof, long-lived, ond —inexpensive! 


TYPES: Standard Radio Octal, and 9-Pin Miniature . . . List Price, $4.00. 
Also — Amperite Differential Relays: Used for automatic overload, 
under-voltage or under-current protection. 


PROBLEM? Send for Bulletin No. TR-81 





BALLAST REGULATORS 





° ‘ 

VOLTAGE OF 4V ‘WITH AMPERITE 
BATTERY & CHARGER! VOLTAGE VARIES 
LJ VARIES APPROX =, ONLY 


30% : 2% 


Hermetically sealed, they are not affected by changes in altitude, 
ambient temperature (—50° to +-70° C.), or humidity . . . Rugged, 
light, compact, most inexpensive List Price, $3.00. 


Write for 4-page Technical Bulletin No. AB-51 


AMPERITE 


961 Broadway, New York 12,N. Y.... CAnal 6-1446 
In Canada: Atlas Radio Corp., Ltd., 50 Wingold Ave., Toronto 10 





BATTERY VOLTAGE 














CIRCLE 29 ON READER-SERVICE CARD 
Page 1798—Instruments & Control Systems—Vol. 34 








Furnace Control Systems 


In the processing of metals from the time the ore 
leaves the ground, heat plays a most important part. . . 
Regardless of the style of furnace or the working require- 
ments, there are several basic factors which govern satis- 
factory heating in all furnaces. These basic factors are 
each controlled by a sub-system as furnace pressure, heat 
input (fuel or air flow), fuel-air ratio, reversal, multiple 
fuel firing, and temperature . . . 





It cannot be stressed too strongly that extremely close 
tolerances are absolutely essential in the regulation of 
furnace pressure. For instance, a variation of 0.005 inch 
W. C. can determine the difference between proper and 
improper heating . . . many GPE controlled installations 
are holding furnace pressure within the limits of plus 
or minus 0.0025” W. C. Figure shows a comparison of 
manual control versus GPE control . . . (From new 24- 
page catalog of industrial heating furnace control sys- 
tems “Folio 122,” GPE Controls, Inc., 240 E. Ontario St., 
Chicago 11, lil.) 
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Multi-Channel Calibrated 
Display System 
The 5934 Display System measures and displays com- 
plex phenomena with accuracies comparable to conven- 


tional X-Y chart recorders, but at speeds typical of large 
screen oscilloscopes . . . Presented on the cathode ray 


tube is the simultaneous display of the outputs of eight 
separate integrators .. . The multi-channel input capabil- 
ity of the 5934 Display System permits simultaneous dis- 
play of seven phase relationships in the cross plot mode as 
well. Here are shown the following phase plots: (1) Sine- 
cosine wave oscillator. (2) Sine vs sine. (3) Sine? vs 
sine. (4) Product of sine and cosine vs sine. (5) Output 
of first order filter vs sine wave input... (From new 12- 
page Display System booklet George A. Philbrick Re- 
searches, Inc., 127 Clarendon St., Boston 16, Mass.) 
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Remote Meter-Reading System 


The American Meier with Teleread register has a round 
reading register mounted on the meter body. On the shafts 
of this register which indicates gallonage, are mounted 
precision-built potentiometers. These are wired through 
a flexible water-proof and vermin-proof cable to a plug 
located on the outside of the house and mounted in a 
shielded enclosure. 





To read the meter from outside the house, the meter- 
reader carriers with him a compact light-weight readout 
mechanism which is about the size and weight of a flash- 
light. The end of this is inserted into the plug on the 
outside of the house. Current from the semi-permanent 
battery in the readout unit travels through the cable to 
the potentiometers, causing the position of the dial hands 
on the meter to be indicated on scales located on the 
readout unit. After noting the meter reading, the readout 
is removed from the outlet and the indications on the 
readout scales return to zero .. . (From Bulletin 614A, 
Buffalo Meter Co., Inc., 2917 Main St., Buffalo 14, N. Y.) 

FOR THIS LITERATURE CIRCLE 2 220 ON READER-SERVICE CARD 


T-Y Moving Pen Recorders 


A new concept featuring maximum convenience in re- 
cording any variable as a function of time, . . . the T-Y 
recorder is designed to replace conventional self-balancing 


strip chart or circular chart recorders in any laboratory or 
industrial application where a total chart length of either 
10” or 15” will provide adequate resolution. Records from 
the T-Y recorder are immediately available for use or 
reproduction and will fit standard laboratory notebooks 
or files . . . The T-Y recorder operates from low level 
DC signals. Converters are available from Houston Instru- 
ment for handling AC signals over a wide range of levels 
and frequencies and for logarithmic conversion of AC or 
DC signals over a 70 DB range. Another converter pro- 
vides log discrimination for use in plotting log frequency 
over 1 to 3 or more decades . . . (From new 4-page bro- 
chure describing Models HR-80 and HR-87 “T-Y” re 
corders, Houston Instruments Corp., Box 22234, Houston 
27, Tex.) 
FOR THIS LITERATURE CIRCLE 221 ON READER-SERVICE CARD 
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FOR INSTRUMENTATION... 


Ideal for military and rugged commercial 
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applications—requires small panel space but 
provides long, 2.7”, scale length. Ruggedly built 
with die cast zinc case. 

Features the famous Hickok TAUT- BAND * 
friction free movement with + 2% accuracy, 
standard. 

See your Hickok Representative 


for more details or write for free 
data sheet. 














k TAUT-BAND Movement 








10519 Dupont Avenue, Cleveland 8, Ohio 


TOKOKE ELECTRICAL INSTRUMENT CO. 
a , 


CIRCLE 31 ON READER-SERVICE CARD 


Page 1800—IJnstruments & Control Systems—Vol. 34 





CHECKUP on your Control Valves... 
CHECKOFF these Annin Advantages“ 





MINIMUM number of parts per 
complete valve. 


OVER 60,000 successful case 
histories of split body 
valve applications. 


POSITIONING ACCURACY 
guaranteed, .001 inch 
per inch of stroke. 


CONSTANT INSTRUMENT signal 
sensitivity throughout signal range. 


/ 
/ 
/ = COMPLETE INTERCHANGEABILITY 
vA Any other of any Domotor valve to on-off 


/ pneumatic control, pneumatic 


f source might hydraulic, electro hydraulic, 


H electro pneumatic or 
give you manual actuator. 
a few... 
- ENGINEERED FOR MANUAL 
but with control with any of the above 


automatic actuators, if desired, 


° 
Annin you at minimum cost. 


booster units to any pneumatic 


I 
get them all ’ SIMPLIFIED ADDITION of high speed 
positioning actuator. 


ADAPTABILITY of bellows seal, 
doolseal or plain extension to any 
standard valve. 


BODY SIZES from 14” up. 


COMPLETE LINE of body ratings: 
600— 1500— 2500 Ibs. ASA; 

special 10,000 and 60,000 psig design, 
temp. —450°F to 1600°F. 


CONVERSION FROM globe body 
to angle body construction with only one 


additional part. 
ADAPTABILITY TO 3-WAY Valve 


Construction with minimum 
parts and cost. 


MINIMUM COST for change from 


soft seat construction to hard seat, 
or vice versa. 


THE ANNIN COMPANY 


am a 
First in a series of checklists y, VWhtsti 1040 South Vail Avenue 


on Annin features. VAL VE Ss Montebello, California 
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Tomorrow's tubing technology—today 


For uniform deflection from spring to spring 
use Superior Ni-Span C Bourdon tubing 


Superior Ni-Span C* tubing possesses many of the attributes 
of an ideal Bourdon spring material. It is relatively easy to form 
by coldworking and can be heat treated after forming to obtain 
optimum operating characteristics. It can be readily joined by 
soft soldering, silver soldering or welding. It has high stability 
in a useful temperature range of —50 to 150°F, good creep 
resistance, low hysteresis, and excellent fatigue life. And it is 
uniform from tube to tube—free of inclusions and seams, 
carburization or decarburization, rough or corroded surfaces, 
and variations in wall thickness. 

Superior Ni-Span C tubing is available in sizes from .010 to 
% in. OD x .125 in. wall maximum and from % to 1% in. OD in 


wall thicknesses from .010 in. to .035 in. It can be furnished 
round and in Bourdon shapes such as elliptical, flat oval and 
‘‘D"’ shaped to your specifications. Data Memorandum No. 19 
gives complete details. Write for your copy today. Superior 
Tube Company, 1968 Germantown Ave., Norristown, Pa. 


*Reg. TM International Nickel Co. 


Superior Tube 


The big name in small tubing 
NORRISTOWN, PA. 


West Coast: Pacific Tube Company, Los Angeles, California 
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NEW MARK-TRO 


eliminates 95% of the mess and maintenance 
of round chart recorder inking systems... 


cartridge contains a large supply of ink, extending your 
change cycle from days to months .. . and then in a matter 
of seconds the cartridge is replaced. 


In 10 minutes, convert present markers with Mark- 
Trol, a completely sealed capillary system with 
replaceable ink cartridge . . . adaptable to 90% of 
all round chart recorders in service today. 


Esterbrook’s Mark-Trol is a completely new concept in 
marking systems. Because of its universal design, you can 
eliminate the messy problems inherent in most round chart 
inking systems in use today. Because maintenance is 
reduced to little more than routine inspection, Mark-Tro! 
will pay for itself in a matter of days. 


Sealed system eliminates dust, dirt, moisture and mold 
which clogs open-bucket devices. Operation is thoroughly 
efficient regardless of location, inside or out, under service 
conditions of humidity, precipitation, chemical fumes or 
other foreign matter, and over a wider temperature range 
—O°F to 145°F. Slip-in, disposable, sealed ink cartridge 
means ink is never directly handled... no messy suction 
tubes, syringes, droppers; no reservoirs to clean out. 
Eliminates breakage of plastic bags or glass devices. The 


ORDER ONE FOR TRIAL—Mark-Trol has been field-tested for 
2144 years—extensively in the power and processing fields. We 
invite you, however, to make a trial installation of your own 
with a Mark-Trol unit. Send us the coupon today. 


Authorized Distributor: 


Technical Recording Chart Division 
Graphic Controls Corporation 
189 Van Rensselaer St., Buffalo 10, New York 


Please send us Mark-Trol Conversion Kits at $12.00 each, 
PG aden ts ueanvncaesa eee 


ee ee ee oo POP me eT aa Pere 


Address. . . i Lie oi aa Cee eee 
Please also send literature completely describing Mark-Trol, 0 


cco EE 


*Trademark 


MARK-TROL tne estersrook PEN COMPANY « Technical Products and Instruments Division 
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INSTRUMENT ACCURACY ( + 4% PERCENT) 


EXPLOSION PROOF 
PRESSURE SWITCH 


DESIGNED TO OIL INDUSTRY SPECS 


p— REMOVABLE 
WELDED fwETAL 
DIAPHRAGM 
CAPSULE 


INTEGRAL 
TERMINAL 
BLOCKS 


EXTERNAL 
ADJUSTMENT 


WE BUILD IN WE DON’T USE 


EXTREME ACCURACY | G “LINKAGES & 
and DEPENDABILITY \\ BEARINGS 
° 


maintained during which, as they wear, 
make the setting of the 
pressure switch drift. 


operating life due to 
LIQUID SWITCHING 


direct acting design 
ELEMENTS 


which make the switch 
difficult to mount and 
very critical to —— 


ACCORDION 
BELLOWS 


which make the 
pressure switch 
sensitive to vibration. 


PRESSURE SWITCH DIVISION Pr 
~ ASK FOR 
HANDBOOK 
& CATALOG 
L ; a 61-62 ake €) 


5125 Alcoa Avenue, Los Angeles 58, California 
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OPERATION 
IN ANY POSITION 


which saves the installation 
costs encountered in mount- 
ing a switch that uses liquid 
a elements 


IMMUNITY 
TO VIBRATION 


you can mount the switch 
directly on your vibrating 
or moving equipment. 








“Heat-Less” Dryers 


Heat-Les Dryers utilize the natural tendency of desic- 
cants to come into equilibrium with their surroundings. 
During the drying cycle, the desiccant adsorbs moisture 


DRY AIR OUTLET 














CHAMBER 
SUPER ORY (fitled with 
DESICCANT desiccant) 




















SATURATED 
DESICCANT eo 


INLET CONDITIONS 
305 SCFM 


100 PSIG 
SATURATED AT 80°F 
WET AIR INLET 





OPERATES 1 MINUTE THUS: 
LC. DRYING 
R.C, REACTIVATING 
from the incoming gas stream. During the reactivation 
cycle, a small portion of the super-dry gas is passed over 
the desiccant at atmospheric pressure, creating an en- 
vironment in which the desiccant must give up the pre- 
viously adsorbed moisture to reach equilibrium . . . The 
diagram shows the wet gas entering at the bottom of the 
left-hand chamber, passing upward through the desiccant 
where it is dried to an extremely low dewpoint. The dry 
air passes through the check valve to the dry air outlet. 
Simultaneously, a small percentage of the dry gas is ex- 
panded through the orifice between the chambers, and 
flows down through the right-hand chamber, reactivating 
the desiccant, and passing out through the purge ex- 
haust. At the end of the cycle, the chambers are auto- 
matically reversed .. . (From new 6-page Bulletin HA- 
308, Trinity Equipment Corp., Cortland, N. Y.) 
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Solenoid Valves Feature 


Packless Construction 


Series 90, 2-Way Solenoid Valves are designed in 
Normally-Open and Normally-Closed types with Brass 
and Stainless Steel bodies. Orifice sizes range from 
1/32” to 4%”. Choose from 44” and 14” pipe sizes 
or JIC tube connections. Differential pressure ratings 
go as high as 2000 psi. Optional features, available 
for all models, include a choice of coils, coil housings 
(including explosion-proof and watertight designs), 
mounting brackets and corrosion-resistant trim . . . 
(From new 4-page Bulletin SV 559, Hoke Incorpo- 
rated, 1 Tenakill Park, Cresskill, N. J.) 
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New, 
low-cost, 
high-pressure 
transducer 
works in 
sea # water 


ee 


=) 


A unique “‘Z’’-flexure® amplification makes DeJUR’s new HPT-10 able in sea water and other corrosive and non-corrosive media 


miniature high-pressure transducer the lightest, smallest, most- —also achieves remarkable dynamic balance and accuracy in 
economical precision measuring instrument of its type any- harsh temperature, vibration and acceleration environments. 
where. A simplified, frictionless mechanism, the ‘‘Z’’-flexure For immediate delivery (at low cost) in production quantities, 
eliminates the need for bearings, pivots, rubbing-point linkages and for complete details, write today to Instruments Division, 


and other devices which adversely affect reliabil- DeJUR-Amsco Corporation, Northern Boulevard 
ity. This new design—which is continuously oper- UR at 45th Street, Long Island City 1, New York. 


YOU'RE ALWAYS SURE WITH ELECTRONIC COMPONENTS 


Manufacturers of precision electronic equipment for over 35 years 
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The Most Significant Picture in Our Industry 


Every control systems engineer with an eye on the future 

has his eye on this building. 

This is a picture of the Thomas J. Watson Research Center, dedicated 

on April 25, 1961, at Yorktown, New York. It is the largest laboratory in 
the world devoted entirely to computer research. Within this building, 
IBM scientists are engaged in basic and applied research which 

will result in new products for IBM, and new potentials for 

computer applications. 

These potentials are what excite control engineers. We see control 
systems of the future coming closer to achievement—we are stimulated 
to turn the designs of our day dreams into designs with possibilities. 

We know, that in the years to come, the work done in this building 

will revolutionize our industry. As a leader in control system design and 
manufacture, Electro-Mech welcomes this research center as a link 

to the future. We are proud that one of our custom products, the graphic 
control panel shown at right, is a part of this significant new building. 


Electro-Mech Corporation Elen Mech 


Norwood, New Jersey 
acco 


A SUBSIDIARY OF AMERICAN CHAIN & CABLE COMPANY, INC. 











Aircraft Temperature Control 


The one big difference between house heating and air- 
craft heating is the introduction of a third element... . 
Both systems have one element located in the heater and a 
second element located in the cabin or room, but the air- 
craft has a third element that detects outside air tempera- 
ture ... An aircraft external temperature can drop 50 de- 
grees or more on just a few minutes after take-off. Just a 
few thousand feet in altitude can mean a great change in 
temperature ... 

TEMPERATURE 


SELECTOR 4 


CABIN AIR 


OUTSIDE AIR ELEMENT 
ELEMENT 





HEATER 

















HEATER 7 
DISCHARGE ” CONTROL 
ELEMENT BOX 


There are two basic heating systems used in business 
aircraft. A heater cycling system uses a gasoline fired 
aircraft heater. A proportioning system uses a heat ex- 
changer that draws warm air from the engine exhaust 
and mixes it with cold air to the desired temperature. In 
the heater cycling system, a relay turns on, or shuts off, 
the aircraft heater as required to maintain a constant 
temperature in the cabin. In the proportioning system, an 
actuator and valve assembly is used to mix the correct 
proportion of hot and cold air to maintain the desired 
temperature. Both systems use a control box three ele- 
ments, and a temperature selector . . . (From new 8- 
page booklet “The Case of the Missing Element,” Aircraft 
and Missile Products Div., Barber-Colman Co., Rockford, 


Jil.) 
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E-Z Clean Liquid End Pump 


Series 300 controlled capacity pumps . . . have inter- 
changeable liquid ends, available in a large variety of 
corrosion resistant materials (which) are easily inter- 





4 y) 

















changed in the field. The exclusive American design al- 
lows the liquid end to be rotated in the body thus sim- 
plifying piping installation . . . (From 12-page Catalog 
300, “Series 300 Controlled Capacity Pumps,” American 
Meter Co., Pump Div., 13500 Philmont Ave., Phila. 16, 


Pa.) 
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CUSTOM-BUILT AS A LIMOUSINE: Each ALPA Camera is liter- 
ally made to your order, with all the skill and experience 
of Swiss Master Craftsmen. 


CONVENIENT AS A FAMILY CAR: Fingertip controls, built-in 
exposure meter and large 
brilliant groundgiass — 
—for practically automat 
through-the-lens won 
focusing and depth-of-fie 

VERSATILE AS A JEEP: control. 


10 Automatic Diaphragm lenses from 24mm to 180mm 
(other lenses L to 5000mm) PLUS a continuous focusing 
range from infinity down to ultra close-ups and photo- 
= a micrography, without gap. 


COLORFUL AS A CONVERTIBLE: 
5 APOCHROMATS—Switar and Macro-Switar 50mm 
£/1.8, Kinoptik 75mm f/2, 100mm f/2 and 150mm 
f/2.8—offer exclusive correction of all 3 primary 


colors. cS - 
FAST AS A RACING CAR: 1:1 LIFESIZE image, straight 0° 
viewing, split-image rangefinder, lightning reflex mir- 
ror, hair-trigger release, quick-change lenses w/Auto- 
matic Diaphragms, —— lever and high-speed 
rewind crank with parallelogram, 


7 
SHARP AS A SPORTSCAR: eek 
Se a ter <a’ 


ually film-tested for critical I sharpness, 
perfect tonal contrast and brilliant overall illumination. 


STURDY AS A TRUCK: Rugged Swiss 
precision mechanism withstands extreme wear, temperatures 
and shock, limiting repairs to an absolute minimum. 
COMPACT AS A SMALL-SIZE CAR: Lightweight (114 Ibs.) and compact (5%” x 
3%” x 2”), ALPA combines all the features of the THREE most advanced 
gemnore types — Single-lens Reflex, Twin-lens Reflex and Rangefinder — in 
NE camera... 


THE NEW ALPA 6c 
ALL-IN-ONE 35mm CAMERA 


karl heitz 480 LEXINGTON AVE., NEW YORK 17 © YUken 6-4920 


Please write for free illus. brochure ICA-10 or see your franchised ALPA dealer. 
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High Temperature 
NILA TAR ALAA 


TS 


MILLIVOL 


The need grows daily and scientists and engi- 
neers with ever-increasing frequency “ask Pyro”. 
Long ago, Pyro Electric, Inc. enlarged its re- 
search, engineering and facilities for designing 
and producing sheathed thermocouples and 
conductors for high temperature service. New 
alloys, new insulation —new heights have been 
reached, others show great promise. Break- 
throughs have been made in fabricating the 
noble, exotic and refractory metals. 

We will be pleased to send you our latest 
thermocouple Output-Temperature curves along 
with the types of insulating materials and pro- 
tective tubing that can be used up to 5000°F. 

“Ask Pyro” for any standard or special ther- 
mocouple or conductor needs. Pyro Electric, 
Inc., Walkerton, Indiana. 


Thermocouples + Sheathed Conductors + Assemblies 


PY RC) electric inc. 
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NEFF INSTRUMENT CORPORATION, 
WITH MANY PROVEN CONTRIBUTIONS TO IN- 
STRUMENTATION, INVITES YOUR INSPECTION 
AND EVALUATION OF THESE RECENTLY IN- 
TRODUCED AMPLIFIERS. THEY HAVE BEEN 
DESIGNED TO SATISFY TODAY’S MORE CRIT- 
ICAL APPLICATIONS. NEFF CUSTOMERS KNOW 
THAT EACH AMPLIFIER WILL MEET ITS PUB- INSTRUMENT CORPORATION 
LISHED SPECIFICATIONS. FOR YOUR CRITICAL 
AMPLIFIER APPLICATIONS — LOOK TO NEFF. 1088 East Hamilton Road Duarte, California 


TYPE 101B AN EXTREMELY RELIABLE SOLID STATE DIFFERENTIAL DC AMPLI- 
FIER COMBINING HIGH GAIN; LOW NOISE, HIGH INPUT IMPEDANCE AND LOW OUT- 
PUT IMPEDANCE WITH INTERCHANGEABLE PLUG-IN FILTERS. THIS AMPLIFIER IS 
IDEAL FOR NARROW BAND REQUIREMENTS WHERE NOISE OR GROUND CURRENTS 
CREATE PROBLEMS. 











F 





U 
IN 





06 A SOLID STATE BROAD BAND, SINGLE ENDED LOW GAIN DC AMPLIFIER 
ARLY APPLICABLE AS A GALVANOMETER DRIVER OR LINE DRIVER. THE 
R FEATURES HIGH OUTPUT CURRENT, LOW OUTPUT IMPEDANCE, AND 

ISOLATION. A DUAL OUTPUT IS PROVIDED — DIRECT OR THROUGH A 
DAMPING NETWORK WHICH ACCOMMODATES THE RESISTANCE NECESSARY 


ATCH ANY GALVANOMETER,. 
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REVOLUTIONARY 
NEW 
CONCEPT 
IN 
RECORDING! 


For years instrument users have struggled with 
making their potentiometer recorders compatable 
with changing input needs. Today it may be 
necessary to measure temperature, tomorrow 
pressure. In order to be prepared to meet these 
changing demands it has been necessary to stock 
a number of recorders, or spend hours in modify- 
ing existing input circuits. 

This costly and outmoded instrumentation is 
no longer necessary! Westronics, Inc. now brings 
to the industry a totally new UNIVERSAL 
RECORDER featuring panel or table mounted 
EXTERNAL PLUG-IN input modules. Each has 
in itself a maximum of versatility. 


The Standard Universal Recorder is com- 
pletely self contained: Ready for millivolt 
or thermocouple recording (changeable 
by means of INTERNAL PLUG-IN 
RANGE CARDS). 


By simply connecting one of the 
EXTERNAL INPUT MODULES to an 
existing receptacle on the rear of the in- 
strument, its uses are extended to: 
ADJUSTABLE SPAN AND ZERO, 
RESISTANCE BULB CALIBRATION, 
STRAIN GAGE MEASUREMENT, and 
MANY OTHER USEFUL FUNCTIONS! 


MODERN DESIGN 


Everything about the new Westronics Universal 
Recorder is modern. Nothing old fashioned about 
this one! Note these features: 


© COMPACT DESIGN (Only 854” high) 

@ ZENER DIODE STANDARDIZATION 

© PULL OUT CHASSIS 

© PLUG-IN AMPLIFIERS 

@ BALL POINT PENS (That Really Work!) 

© QUICK CHANGE CHART SPEED SELECTOR (No gears to change) 


QUALITY 


The new Westronics Universal Recorder fea- 
tures a servo system that uses ball bearings 
throughout. The pen carriage utilizes ball bearing 
motion on a precision ground track. No trouble- 
some sheet metal parts sliding on rods on this 
one. Smooth ball bearing floating action is what 
makes dependable Ball Point inking practical. 


VERSATILITY 


The new Westronics Universal Recorder is 
second to none in versatility. Available in 5” 
and 11” strip chart sizes, single pen, 2 pen 
and multipoints. 


ALL THESE FEATURES AND A COMPETITIVE PRICE TOO! 


CALL ON ONE OF WESTRONICS 23 SALES-SERVICE REPRESENTATIVES 
TO HELP YOU SPECIFY A WESTRONICS UNIVERSAL RECORDER TODAY. 


VEE Sd col al ot yam | a kom 


TWX FT 8248 U . 


3605 McCART STREET a 
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FORT WORTH, TEXAS 


WHEN AIR 
MUST MOVE AT 


DeZURIK VALVES 
CONTROL the AIRFLOW 








PHOTOS 
COURTESY 
INGERSOLL-RAND 


FLIGHT CONDITIONS simulating full rocket and aircraft experience... . 
flows to 12,250 cfm of air at 5 psig, vacuums up to 24" Hg.... 
that's the job at this famed aero-test center in California. It's 


being done with DeZURIK CONTROL VALVES. 


The control-system demanded simplicity, fast action, exit-pressure 

control to minimum tolerance, a myriad of flow combinations—plus 
absolute dependability, air-tight shut-off, certain safety, remote 
operation. DeZURIK CONTROL VALVES have provided all these features. 


Eleven DeZurik "bleed and throttle" valves in sizes to 16" are involved 

on the primary and secondary compressor-exhausters. These instrumented 
valves have proved their total efficiency and trouble-free character in over 
2 years of rigorous use in this complex space-age service. 


ASK POR BULLETIN 150 DeZurik Corporation 


SARTELL, MINNESOTA 


In Canada: DeZURIK OF CANADA, LTD. Galt, Ontario 
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Bristol Series 532 A/D pneumatic recording controller 
is outstandingly SIMPLE, RELIABLE, and STABLE 


Simple modular design for ease of servicing 


High control stability for closer process 
control 


Designed for batch-type and continuous 
precesses 


Proportional, proportional-plus-reset, and 
proportional-plus-derivative control models 
available 
Top control performance with maximum simplicity plus standard 
Bristol precision measuring elements—those are the key features 


of the Bristol Series 532 Recording Controller. The 532 uses the 
same_renowned elements that have earned such a reputation for 


CONTROL UNIT CHARACTERISTICS: 


PROPORTIONAL BAND: 0-400% continuously ad- 
justable, direct- or reverse-acting. 


RESET: 0.1 to 100 repeats per minute. 
DERIVATIVE: 0 to 10 minutes derivative time. 

AIR PILOT: Non-bleed type. 

PILOT CAPACITY: Over 3.0 scfm. 

FREQUENCY RESPONSE: Essentially flat to 300 
cycles per minute. 


TEMPERATURE STABILITY: Less than 0.1% change 
in the output pressure for 90°F temperature change. 


CHART: 8” diameter; wide variety available. 





accuracy and dependability on other Bristol automatic control- 
ling and recording instruments—perfected through wide expe- 
rience and many years of development. 

Self-contained modular design of the control unit speeds serv- 
icing. The whole modular unit, consisting of an aluminum cast- 
ing with working parts made of stainless steel, Ni-Span C, and 
Neoprene diaphragms, can be removed by taking out only two 
screws and a link. 

The die-cast aluminum instrument case (1534 x 10% x 5% 
overall) presents a streamlined appearance and is completely 
dustproof and weatherproof. 

Write for complete data on the new, versatile, eco- acco 
nomical 532 A/D. The Bristol Company, 113 Bristol — 
Road, Waterbury 20, Conn., a Subsidiary of American 
Chain & Cable Company, Inc. 0.46 


MATERIAL: Aluminum housing; 316 stainless steel 
internal parts; Ni-Span C feedback element. * 


RECORDING CONTROLLERS OFFERED FOR: 
PRESSURE AND VACUUM: Ranges from full vacuum 
to 15,000 psi. 

TEMPERATURE: Ranges from—100°F to +-1000°F. 


FLOW AND DIFFERENTIAL PRESSURE: With mer- 
cury-type manometer and dry-type differential unit. 
LIQUID LEVEL: With bulb unit and mercury manom- 
eter and dry-type differential unit. 


HUMIDITY : Zero to 100% relative humidity. 


I ! 
*Advanced Design 
B RIS | oO L -». for improved production through measurement and control 


AUTOMATIC CONTROLLING, RECORDING AND TELEMETERING INSTRUMENTS 
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Cit Free = i. 


INSTRUMENTATION 


For instrument control with compressed air, patented 
B&G Oil-less Compressors offer outstanding, exclu- 
sive advantages. 

They deliver air completely oil-free! Carbon-graphite 
piston rings and skirts need no lubrication; bearings 
are grease-packed and sealed for life. Numerous design 
and construction features assure dependable delivery 
of cleaner, cooler, drier air and smoother operation. 


B&G Oil-less Compressors 
can be located at the site of 
the control, eliminating long 
pipe lines which may con- 
taminate the air with dirt 
and condensation. 


Available in 58 models... 
portable, tank mounted, 
motor and gas-engine driv- 
en, 1/12 to 3/4 H.P., up to 
6.57 CFM, up to 190 psi. 
Vacuum: 27.5”. 


MINIATURE! 


1/12 H.P. Oil-less Motor 
Compressor and 
Vacuum Pump 


Fits in the palm of your 
hand, yet delivers much 
more free air than any 
current design of the 
same horsepower. It is 
capable of continuous 
operation at pressures up 
to 65 psi.—has infinite 
applications for instru- 
ment control, process 
agitation and motive 
power. 


Typical application to air drier 
: Ocl-Leas 
:]=) AIR COMPRESSORS 


UG BELL & GOSSETT COMPANY 

~— Dept. GV-84, Morton Grove, Illinois 
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Mineral Insulated 
Thermocouples 


Problem: To establish time constants for various sizes 
and types of Conax Con-O-Clad thermocouples and to 
show a graphic comparison. 


race | | | 
040" DIA. "G" | | | | ( 


06e2" DIA."G" , TIME CONSTANT: 





20 GAGE BARE WiRE."g” TIME REQUIRED FOR TEMPERATURE 
14 GAGE BARE, WIRE |B er es0% OF A TOTAL 
[125° DIA."G" | TEMPERATURE CHANGE. 
062" DIA."U") 
Lis 0624 DIA "Ui 

1877 D1A."G4 

125'D1A."U" 
VITAE © 18T'DIA."U" 
iy hades a) CONAX SAFETY WELL 
WIAEIEEEUEE,»««CONAX SPEEDWELL 
LMA LL Dll AMES (MAD, 


SIZE AND TYPE OF THERMOCOUPLE 
HOT JUNCTION (REFERENCE PAGE 8) 





30 SO -30:' 60 0 80 
TIME CONSTANT — SECONDS 
Procedure: Test thermocouples were immersed until 

saturated in an ice bath at zero degrees. They were phys- 

ically removed from ice bath and immediately immersed 
in violently boiling water. Temperature rise was recorded 

by a high-speed Sanborn Potentiometer . . . 
Conclusions: All the Conax Con-O Clad thermocouples 

tested responded practically instantaneously proving that 

the hard packed mineral insulation used in Conax Con-O- 

Clad is an excellent heat conductor .. . (From new 20- 

page Catalog 300, Conax Corp., 2300 Walden Ave., Buf- 

falo 25, N. Y.) 
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Induction Hardening 


Ther-Monic process provides a method for differential 
heating between the surface of the steel part and its in- 
terior ... Any material that will harden upon heating can 


eee 


ILO. 20 












































be hardened by TherMonic . . . There are three variable 
factors that govern thin case surface hardening; frequen- 
cy, power per square inch and time . . . Industion harden- 
ing has many advantages over other existing methods; the 
metallurgical advantages are especially pronounced. Full 
hardness is uniformly maintained through most of the 
hardened zone, then falls off gradually between the case 
and the core... (From new 56-page Catolog D3-2, In- 
duction Heating Corp., 181 Wythe Ave., Brooklyn 11, 
N.Y.) 
FOR THIS LITERATURE CIRCLE 227 ON READER-SERVICE CARD 
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MAGNASTAT 


Soldering Irons 
are available from 
these Franchised 

Distributors 


IN THE EAST 

Baltimore, Maryland 

Kann-Ellert Electronics, Inc. 

2050 Rock Rose Avenue 
Boston, Massachusetts 

Cramer Electronics, 811 Boylston St, 

De Mambro Radio Supply 

1095 Commonwealth Ave. 
Detroit, Michigan 

Radio Specialties Co., 12775 Lyndon 
Newark, New Jersey 

Lafayette Radio Corp. of N. J. 

24 Central Avenue 
New York, New York 

Harrison Radio Corporation 

225 Greenwich Street 

Terminal-Hudson Corporation 

236 West 17th Street 
Paterson, New Jersey 

Garden State Tool Supply, 76 River St. 
Philadelphia, Pennsylvania 

Almo Radio Co., 913 Arch Street 

Philadelphia Electronics, Inc. 

1211 Vine Street 
a. Pennsylvania 

Radio Parts Co., 6401 Penn Ave, 


IN THE MIDWEST 

Chicago, Illinois 

Allied Radio Corporation 

100 North Western Avenue 

Newark Electronics Corporation 

223 West Madison Street 
Cincinnati, Ohio 

United Radio, Inc., 1314 Vine St. 
Columbus, Ohio 

Buckeye Electronics Distributors, Ine, 

242 East Long Street 
Dayton, Ohio 

Srepco, Inc., 314 “Teo Street 


IN THE SOUTHWEST 
Alamogordo, New Mexico 
Radio Specialties Co., 209 Penn Ave, 
Albuquerque, New Mexico 
Radio Specialties Company, Inc. 
Houston, Texas 
Busacker Electronic Equipment Co, 
1216 West Clay Street 
IN THE WEST 
Denver, Colorado 
L. B. Walker Radio Co., 300 Bryant St. 
Glendale, California 
Claude Michael, Inc., 704 West Ivy St. 
Grand Junction, Colorado 
L. B. Walker Radio Company 
587 North First Street 
inqpeweod, California 
ewark Electronics Co., Inc. 
4747 West Century Blvd. 
Los Angeles, California 
Garrett Supply Company 
8844 South Santa Fe Avenue 
Kierulff Electronics 
820 West Olympic Blvd. 
Radio Products Sales, Inc. 
1501 South Hill St. 
Phoenix, Arizona 
Garrett Supply Company 
2950 West Thomas Road 
Pueblo, Colorado 
L. Walker Radio Company 
100 North Victoria 
Salt Lake City, Utah 
Strevell-Paterson Hardware Co, 
1401 South Sixth— West 
Seattle, Washington 
Western Electronic Supply Co. 
717 Dexter Avenue 


Only Waller 


MAGNASTAT Soldering Irons 
offer all these features ! 


HALF THE 
WEIGHT OF 
UNCONTROLLED 
IRONS 


INTERCHANGEABLE 
TIPS PROVIDE 

750 ,700 OR 600 F 
TEMPERATURES 


2 OR 3-WIRE 
~ CORDS ARE 
AVAILABLE 
FOR ALL 
MODELS 


More than 40 tip types 
are available—made of 
copper for fast heat 
transfer and premium 
iron plated for long life. 
Advanced cord connec- 
tion locks securely, yet 
permits easy replace- 
ment. Rubber shock ab- 
sorber prevents iron from 
sliding off bench, 


¥ 








HEAT CONTROL 
IS IN THE TIP 


AUTOMATICALLY 
MAINTAINS 
CORRECT 
SOLDERING 
TEMPERATURE 


GREATER HEAT 
EFFICIENCY 
WITH LOWER 
WATTAGE 


COOLEST 
HANDLE 


3 models cover all electrical and 
production line requirements 


Model TC552-55 watts %9.00 list 
Model TC602-75 watts $10.00 list 
Model TC1202-120 watts $11.50 list 


(prices shown are for irons with 
tip and 2-wire cord) 


Send for NEW Magnastat 
Soldering Iron literature 


WELLER ELECTRIC CORP. 
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ATLAS AWAY! 
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Bristol charts (sample above) in specially built “time and 
event recorders” at Vandenberg Air Force Base tell en- 
gineers vital facts about the critical moments in the count- 
down and first few minutes of flight of each Atlas missile. 

Printed for Convair (Astronautics) Division of General 
Dynamics Corporation, prime contractor for the Atlas mis- 
sile, these charts are just one example of the hundreds of 
“specials” turned out every year at Bristol chart printing 
facilities—one of the largest, most complete plants of its kind 
in the country. 

Strip charts up to 32” across, circular charts to 12” diame- 
ter can be handled. Standard chart papers of highest quality 
are available. Or, Bristol can print on a wide variety of spe- 
cial papers, such as papers for metallic marking, foil-type 
laminates, card stock, heat- and pressure-sensitive, carbon- 
coated, or photo-sensitive oscillographic papers. 

Get in touch with Bristol if you’re designing a special 
recording instrument. An entire special chart engineering 
service is at your disposal. Or, for more information about 
this service, write for Bulletin Y1906. The Bristol Company, 
154 Bristol Road, Waterbury 20, Conn. 9.29 


rot RISTO L ++» for improved production 
through measurement and contro} 
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cuit tab connection, small size, SPDT, DPDT, and 3PDT 





Nuclear Magnetic Resonance 


NMR Spectroscopy is based on the fact that many 
atomic nuclei possess a combination of charge and an- 
gular momenta, thereby resulting in a net magnetic mo- 
ment. Importantly, the ratio of magnetic moment to an- 
gular momentum (the “magnetogyric ratio” is unique 
for every isotope possessing these properties . . 














pense! fe! fp 


There are two basic division of NMR Spectroscopy— 
Wide-Line and High Resolution. Wide-line NMR con- 
centrates on the board resonance characteristic of a 
particular nucleus in its many interactions with its 
surroundings . . . High Resolution NMR goes a step 
further: through highly precise instrumentation, it is able 
to detect the slight shifts and fine structure details that 
represent the differing intra-molecular environments for 
a given nucleus . . . The unmatched sensitivity and reso- 
lution of the HR-60 and DP-60 Spectrometers is clearly 
illustrated in the spectrum of Vinyl Chloride vapor under 
a pressure of several atmospheres. The two lines indicated 
are separated by approximately 0.8 cps at 60 mc... 
(From new 12-page Brochure INS 1419, Varian Associ- 
ates, Palo Alto, Calif.) 

FOR THIS LITERATURE CIRCLE 228 ON READER-SERVICE CARD 


General Purpose Relays 


GH Series General Purpose Relays feature low cost, ac 
or de coils, open or dustite enclosures, 5 and 10 amp 
contact ratings, octal, plug, solder lug, and printed cir- 
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contact arrangement, etc . . . Type GHE 5 amp plate 
circuit, dustile enclosure has contact arrangement: SPDT 
(1C), DPDT (2C), 3PDT (3C) ; contact ratings: 5 amps 
resistive, 2 amps inductive at 115v AC or 26.5 v DC, 
contact material: Fine silver, gold flashed nominal pull- 
in power: 1C contacts: 130 MW 2C contacts: 260 MW; 
3C contacts: 350 MW ... (From new 8-page pocket-size 
brochure, Electronics Div. Elgin National Watch Co., 
2435 N. Naomi St., Burbank, Calif.) 


FOR THIS LITERATURE CIRCLE 229 ON READER-SERVICE CARD 
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NEW from TI 


4-CHANNEL 


benwo Anite ns 
RECORDER 





RECORDS 4 CONTINUOUS CHANNELS 
ON A \/W/1C) E SINGLE CHART 


You can now record four continuous channels 
of data on a wide single chart . . . four overlap- 
ping pens continuously recording on the full 
width of the 934.” chart. For the first time in a 
potentiometric recorder four variables can be 
traced with high resolution on a single sheet 
of chart paper! The recorder is the proved 
servo/riter in the flush-mounting configuration 
for use in standard 19” relay racks. 

Amplifiers are separate from the recorder 
and may be mounted as far as 15 feet from the 
recorder chassis. An optional factory-assembled 
package places the four amplifiers in a standard 
rack-mounting case for location adjacent to the 
recorder case. 

In addition, five- and six-channel servo/riter 
recorders are available, utilizing overlapping 
pens on dual side-by-side 414” charts. Two- and 
three-channel recorders are offered in both the 
narrow and wide configurations, with all pens 
writing on only one sheet of chart paper. 


The same industry-proved performance char- 
acteristics and wide ranges of the single and 
dual-channel servo/riter recorders are designed 
into the new multi-channel instruments. These 
include: 


e HIGH SENSITIVITY— 
1.0 mv to 100 mv full-scale 


e HIGH INPUT IMPEDANCE— 
4 megohms off-balance 


e FAST RESPONSE— 
.5 second full-scale rise time 


e HIGH REJECTION RATIOS— 
“Transverse” 
“Longitudinal” 330/1 
d-c Common Mode..............:. 30,000/1 
d-c & a-c Guard....... ......80,000,000/ 1 


e HIGH RELIABILITY—Non-lash gearing 
and conservatively rated electronics. 


1,000/1 


Write for complete information. 


APPARATUS DIVISION 


“—» |LEXAS INSTRUMENTS 


PLANTS IN HOUSTON 
AND DALLAS, TEXAS 


INCORPORATED 
3609 BUFFALO SPEEDWAY 
P. O. BOX 6027 HOUSTON 6, TEXAS 


*Trademark of Texas Instruments 








INSTRUMENTATION 


Evaluate it yourself, against your control requirements 


You’ll quickly find that M-Line is the one miniature 
electronic control that’s significantly different. This ad- 
vanced instrumentation offers you a unique combination 
of advantages: 

WIDEST SCOPE OF COMPATIBILITY IN OPERATION ... 
can be used with almost any transmitters supplying a signal 
of 0.4 to 2 ma d-c, 0 to 4 ma d-c, 1 to 5 ma d-e, 4 to 20 ma 
d-c, 10 to 50 ma d-e, or 0 to 25 volts d-c output (complete 
list on request) ; 

UNMATCHED INTERCHANGEABILITY OF COMPONENTS 
.. . display and/or control units of varying sophistication 
can be readily substituted (simply plugged into the basic 
stations) even after installation and start-up; 
OUTSTANDING FLEXIBILITY IN OPERATION .._ with 
set-point station, controller, auto-manual station and re- 
corder (or indicator) independently removable, process will 
remain on control—automatic or manual—while these com- 
ponents are individually checked, serviced or replaced. 
When vour process demands competitively-priced ‘instru- 
mentation, with delivery in 6 weeks or less, you should inves- 
tigate the sound investment that M-Line provides. Buy it 
and try it... you’ll find M-Line the most advanced mini- 
ature instrumentation in electronic control. For more details, 
call your nearest L&N Field Office or write to 4955 Stenton 
Ave., Philadelphia 44. 


& LEEDS & NORTHRUP 


Pioneers in Precision 


M-Line Recording Control Station 
with M-Line TC/EMF Transmitter 
mounted above, 
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Honeywell 
announces 
the 

NEW 
series 


1+O0 


low flow control valve 


Model 1406 Low Flow 
Modutrol cCapacitor-type 
motor actuator for ty 
LAtereh Clale Melam iaeleleladrelarl| 


The addition of the new Series 1400 valve body to the 
Honeywell line of control valves now gives you a choice of 
actuator-body combinations to match your applications. 
Now you can choose the exact type and degree of control 
you need, without pushing a valve beyond its design limits 
... or without paying for more performance than you need. 


The compact Series 1400 valve body is available in a full 
range of materials, ratings and sizes, with screwed or 
flanged ends. It can be used to regulate small flows in 
process, pilot plant, research and commercial control sys- 
tems. Each body size (14", 34” and 1”) has a wide range of 
reduced ports with Cv’s from .025 to 11.0. Two bonnet 
constructions facilitate mounting of five types of actuators 
—three pneumatic and two electric. 

Each actuator-body combination fits a different range of 
operating conditions and performance characteristics, but 
with sufficient overlapping of these ranges to give you a 
wider selection on the basis of cost. For complete details, 
write for Bulletin B803-1. MINNEAPOLIS-HONEYWELL, 
Fort Washington, Pa. 


Honeywel 
H Fat uw Cod 


HONEYWELL INTERNATIONAL Sales and Service offices in all principal cities of the world. Manufacturing in United States, United Kingdom, Canada, Netherlands, Germany, France, Japan. 
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FACE 0 OumPUT TRANSDUCERS 


with 

integral 
Carrier- 
Demodulator 
combine the 
simplicity of DC 
operation with 
the performance 
advantages of 
magnetic 
reluctance 
transducers: 
Response, Shock 
and Overload 
Resistance, and 
Long Life. 


ACCEPT CORROSIVE FLUIDS 


AND WITHSTAND EXTREME 
PRESSURE OVERLOADS 


= Measures low dif- 
» ferential pressure 
» at high line pres- 
"sures. +0.1 to 
© 5,000 psid pressure 
» ranges. Accepts 
© corrosives, both 
§) sides, stainless ex- 
© posure. Maximum 
» line pressure of 
| 9,000 psi. Operates 
® on 115 VAC or 28 
VDC. 7 


Pressure Ranges of 
© 0-200 to 0-10,000 
© psi, Gage or Abso- 
» lute. Accepts cor- 
» rosive liquids, 
» gases and solid sus- 
® pensions. 115 VAC 
» or 28 VDC opera- 
B tion. 


© Qualified for Mis- 
® sile In-flight appli- 
® cations. Operates 
® on 25-30 VDC. 
» Available with 
5 ranges of 5 to 1,500 

» psi, differential, 
gage or absolute. 

§ Output, 0-5 VDC. 


Pressure ranges of 
0.1 to 2,000 psi, 

B gage or differen- 

® tial; 5 to 2,000 psi, 

® absolute. 115 VAC 

» or 28 VDC opera- 

» tion, Accepts cor- 

» rosive liquids and 

m gases, both sides. 


PACE engineering company 


13035 Saticoy Street North Hollywood, California 
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Synchronous Motors 


There are two basic types of synchronous motor con- 
struction—reluctance and hysteresis . . . The differences 


are in the rotor construction. Reluctance synchronous 
rotors are of squirrel cage construction with salient pole 
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configuration, while hysteresis synchronous rotors con- 
sist of a heat treated, cast cobalt alloy cylinder, mounted 
securely to the shaft by a patented arrangement. No 
permanent magnets are used in any part of the magnetic 
circuit in either case . . . Within the limits of their full- 
load torque ratings, all synchronous motors operate at 
speeds completely in step with the frequency of the power 
source. For instanve, a 4-pole motor will operate at ex- 
actly 1800 rpm on a 60 cycle power line .. . (From new 
20-page Bulletin 1036, Bodine Electric Co., 2500 W. Brad- 
ley Place, Chicago 18, Ill.) 
FOR THIS LITERATURE CIRCLE 230 ON READER-SERVICE CARD 


Flow Transducer 


The HP Hydropoise Transducer is unique in that the 
rotor is hydrodynamically balanced; no thrust bearings 
are used. As fluid flows through the transducer, it causes 
the rotor to turn. The speed at which it. rotates is directly 
proportional to the volumetric flow rate and the number 
of times it rotates is proportional to the total volume of 
fluid that has passed through the transducer. In close 
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BALANCE PER BERNOULLI'S LAW 
AND PLENUM PRESSURE 


proximity to the rotor blade tips, but mounted externally, 
is a variable reluctance pick-up. As each blade tip passes 
the pick-up, an electric impulse is produced. Thus, the 
rate of flow is proportional to the pulse frequency; the 
total volume of flow is proportional to the total number 
of impulses .. . (From new 4-page brochure, Hydropoise, 
Inc., 230 S. Wells Fargo Dr., Scottsdale, Ariz.) 


FOR THIS LITERATURE CIRCLE 231 ON READER-SERVICE CARD 
(Continued on page 1828) 
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New from Kensico: one-piece Single-piece design eliminates a 
capillary tube and bulb assembly, joining operation in the assembly 
in sizes for all types of instru- 


mentation work. This new one-piece assembly for 
thermosensing elements is painstakingly produced by 
Kensico technicians using the utmost care to insure cus- 
tomer’s exact specifications. Range offered includes bulb 
sizes up to %” OD maximum, by any desired length, 
with capillary tubing down to a minimum of 0.010” ID. 


® of instrumentation systems and 
gives the added efficiency of joint-free flow. Kensico nor- 
mally ships these units in straight lengths although they 
are shown above coiled to indicate design. Call Kensico to- 
day. Discover how well deserved is our reputation as a Small 
Tube Specialist. Write KT-61, Kensico Tube, Mount 
Kisco, N.Y. for free copy of Air Flow Engineering Charts. 


MsiCo Tube 


Robinson Technical Products, Inc. ¢ MOUNT KISCO, NEW YORK 
Kensico Products are also available through Warehouse Distributors and Sales Representatives in Cambridge, Mass.; Middlebury, Conn.; Buffalo, a 
N. Y.; Lindenhurst, N. Y.; Goshen, N. Y.; Roselle, N. J.; Philadelphia, Pa.; Flourtown, Pa.; Pittsburgh, Pa.; Cleveland, Ohio; Chicago, Ill.; St. Louis, Mo.; __simsmamn 
Milwaukee, Wisc.; Durham, N. C.; Dallas, Texas. 
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Time Arrival Guarantee 


TAG YOUR SHIPMENT AND INSURE YOURSELF 
AGAINST THE COST OF UNEXPECTED DELAYS! 


KLM Royal Dutch Airlines is proud to make available to its 
customers a brand new shipper’s service for air cargo: guaran- 
teed arrival-time underwritten by a new and unique type of insur- 
ance. We are calling this service TAG . . . Time Arrival Guarantee. 


KLM’s outstanding record of performance makes such insurance 
feasible. Through more than forty years of service, KLM has 
held its position as the world’s leading carrier of air cargo and 
has maintained its reputation for dependable, personalized serv- 
ice and for on-time delivery. 


Naturally, delays in arrival are not anticipated in the normal pat- 
tern of KLM service. However, TAG gives you the following 
guarantee: should your shipment not arrive at airport of destina- 
tion within 24 hours of its scheduled arrival time, the underwriter 
will reimburse you up to the amount of the transportation charges. 


You can avail yourself of TAG’s benefits at a premium of 1% of 
the total freight charges with a $1.00 minimum when you place 
your shipping order. 
Example of TAG charges 
Transatlantic General Commodities 
Origin Dest. W gt. Frt. Chgs. TAG Chgs. 

Detroit London 255\bs. $137.70 $1.38 
New York Paris 56 Ibs. $ 60.48 $1.00 


If, for any reason, you have hesitated about using KLM’s serv- 
ices, we hope that TAG will provide you with the added confi- 
dence you need. 


GUARANTEE YOUR SHIPMENT WITH KLM'S TAG 


Full details about TAG can be obtained from your local 
KLM office. 


KLM ROYAL DUTCH AIRLINES 
609 FIFTH AVENUE 2. 


NEW YORK, KLM 


ROYAL DUTCH 
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FOR THE ENGINEER 


who can't sleep nights 


If you’re losing sleep over a sticky problem 
in automatic control, AE can help—because 
AE has a reputation for making things work 
automatically. 

It’s not surprising, considering our unique 
experience in the design of circuits and com- 
ponents for automatic telephone exchanges. 


What’s more, AE relays and stepping 
switches are unique in their own right — 
because they’re built to have substantially 
zero variation in operating characteristics 
for life. 

As an example: the AE Class B Relay, illus- 
trated, provides hundreds of millions of 
operations with unfailing contact reliability, 
and seldom needs maintenance. For this 























reason, it is probably the most inexpensive 
relay you can use where infallibility is an 
essential. 


AE relays and stepping switches are custom- 
made to your specifications — and are also 
available wired and assembled into complete 
control units. And we’re always glad to sug- 
gest specialized circuits that may cut your 
end costs. 


Want more information? Just write the 
Director,Control Equipment Sales, Automatic 
Electric, Northlake, Illinois. 


Also yours for the asking: Circular 1702-E, 
Relays for Industry, and a new 32-page 
booklet on Basic Circuits. 


AUTOMATIC ELECTRIC 
GENERAL recite oxo 
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accuracy 


ASHCROFT DURAGAUGES measure pressure with precise accuracy 


no matter how severe the conditions of service 


sustaine 


ment of stainless steel with nylon bearings 
and pinion gear for longest wear. Case mate- 
rials: special aluminum alloy or tough phenol 
plastic. 


MANNING 


MAXWELL 


TRADE MARK 


IN| JUOOW 9 


The Bourdon tube in Ashcroft Duragauges is 
manufactured to precision standards of flexi- 
bility and mono-linked to the rotary move- 
ment. When pressure flexes the tube, the 
gauge pointer is always positively positioned, 
because it is mounted on the geared center 
shaft of the movement. Sustained high accu- 
racy and long life are assured. 


Choose your Ashcroft Duragauges made of 
components best suited to your needs. Eight 
Bourdon tube materials are available. Move- 


Ashcroft Duragauges are avail- 
able in pressure ranges from 
15 psi (or vacuum) minimum to 
100,000 psi. Dial sizes: 44%" 
through 12”. 


The unique “Maxisafe®” Duragauge provides 
absolute protection to the viewer, plus easy 
and quick access to the mechanism. Your in- 
dustrial supply distributor will help you select 
the best combination of components for your 
Ashcroft Gauge requirements. Phone him 
today or write for Catalog 300B. 


ASHCROFT PRESSURE GAUGES 


A product of 


MANNING, MAXWELL & MOORE, INC. 
Gauge and Instrument Division « Stratford, Connecticut 


Canada: Manning, Maxwell & Moore of Canada, Ltd., Galt, Ontario 
Latin America: Export Division, Chrysler Building, New York, N. Y. 
Europe: Manning, Maxwell & Moore, S. A., Fribourg, Switzerland 
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Welcome news—a throttling control valve that 
doesn’t leak . . . even in cryogenic systems 
where extremely wide variations in tempera- 
ture between start-up and defrost distort ordi- 
nary valves. This new Leslie Cage Trim design 
does away with seat ring threads and gasket 
crush problems—provides tight closing and 
service life unequalled by split-body or con- 
ventional globe type valves. 

Solve another problem, too—speed in inspec- 
tions. The valve can be completely disassembled 
in minutes from the top end without taking the 
valve body off the line. Note: Like all the other 
Control Valves in Leslie’s complete line of 


single and double-seated types, it is easily 


adapiable at any time to changes in your system 
requirements. 

For cryogenics, the new valve is available in 
¥Y,” to 4” bronze or aluminum and 12” to 2” 
stainless steel; welding, flanged or screwed ends. 
For standard applications, the same 
basic design is offered at attractive 
prices in steel, stainless steel and 
alloy steel. Write today for further 
information, and engineering data. 

LESLIE REGULATORS AND CONTROLLERS 


A SINGLE STANDARD OF QUALITY SINCE 1900 
Leslie Co., 704 Grant Avenue, Lyndhurst, New Jersey 
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Foxboro pneumatic control 


huge Canadian 
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Photography by John K. Harris ‘@ THREE FOXBORO CONTROL PANELS for Imperial’s Chemical Products Cracking Unit 
are housed in this unique hexagonally-shaped control room. Panels, which are arranged 
in a star-shaped pattern, contain 178 Consotrol recorders and controllers. Panels were 
built by The Foxboro Company, Limited, Montreal. 
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installed at 
Refinery and Petrochemical Plant 


Imperial Oil’s giant Sarnia Plant 


counts on Foxboro Consotrol* instruments 


for accurate, dependable control 


From its star-shaped control room to its towering columns, they’ve used the 
most advanced refining techniques at Imperial Oil’s 94,000 barrel-per-day 


refinery at Sarnia, Ontario. 


Little wonder that accurate, dependable, low-maintenance Foxboro 
Consotrol instruments were installed. For example, clay treating, cracking 
and fractionation, ethylene recovery, butadiene extraction, refrigeration, 
light ends, Hydrofining, Powerforming, debutanizing, detergent alkylation, 


and production of Naptha Specialties —- all operate under Foxboro control. 


Actually, you’ll find Foxboro small-case pneumatic consotrols serving 
leading refineries wherever reliable instrument performance is a must. If 
you're not familiar with the Consotrol story, ask your nearby Foxboro 
Field Engineer for full details. Or write for Bulletin 13-18. The Foxboro 


Company, 4610 Neponset Avenue, Foxboro, Massachusetts. 
*Reg. U.S. Pat. Off. 


FOXBORO 


REG. Vv S&S. PAT OFF. 


@ THESE FOXBORO CONSOTROL PANELS are installed in the 
Powerformer Unit Control Room. 
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*REEL-IABILITY — that quality in tape which reduces com- 
puter down-time and operating costs... which guarantees 
(repeat, guarentees) 556 bits per inch with no dropouts in 
your severesi applications. This kind of reliability (no matter 
how you spell it) you find only in new Computape, a truly 
premium quality heavy duty computer and _ instrumentation 
tape. 
COMPUTAPE: the facts 

Computape utilizes a new, heavy- 
duty coating applied to proven Mylar 
backing. This revolutionary formulation 


* 


Investigate Computape today. Better still, immediately. 


COMPUTRON INC. 


COMPUTAPE: 
more 
reel-tability’ 





combines extra heavy duty usage with minimum of wear prod- 
ucts. Highly conductive coating prevents accumulation of static 
charges. Magnetic properties are specifically designed for 
high density, high resolution data recording, with binders 
carefully selected to assure non-aging. 

Manufactured start-to-finish in completely controlled dust- 
free facilities (our plant is, as far as we know, the world’s 
newest) Computape is the product of 
the only company devoted exclusively 
to the manufacture of quality tapes for 
data processing and instrumentation. 


122 Calvary Street, Waltham, Massachusetts 


*T. M. DUPONT 
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View of 16,000 BPSD PLATFORMING® unit at the Houston, Texas, Refinery of SHELL OIL COMPANY, licensed by 
UNIVERSAL OIL PRODUCTS COMPANY and designed in conjunction with Shell. 


DEPENDABLE MONITORING SINCE INSTALLATION IN 1956 


The Panalarm remote system is particularly 
suited for central graphic control panels used in 
most refining processes. Back-lighted nameplates 
are conveniently located in the process flow and 
actuated remotely by hermetically sealed alarm 
relays mounted in strip chassis or adapter cab- 
inets. Meets Class I, Group D, Division 2 
requirements. 
The Platforminge process enables a refiner to make a larger percentage 
of top quality gasoline and petrochemical intermediates. 
Every major oil and petro/chem firm uses reliable Panalarm Annunciators, —P@nalarm Annunciators warn Platformerr.m. 
; : : , ; mips operators when undesirable conditions 
Panalarm maintains a large staff of annunciator engineering specialists develop at critical points by illuminating 
to assist with special annunciator design and application problems. For your —_ 4PPropriate translucent plates on this graphic 
ifi ‘et : t tact P | aye d j ‘ control panel, only a portion of which is 
specific annunciator requirements, contact Panalarm; sales and engineering shown. When desired, a simultaneous audi- 
offices are in all principal cities. Your inquiry will receive prompt attention. _ ble signal also attracts attention. 
ANNUNCIATORS - CONTROL PANELS - DATA SYSTEMS 


A division of ISI Incorporated 
7401 North Hamlin Avenue, Skokie, Illinois * Phone ORchard 5-2500 





ue ‘ ‘i, ed FLAME! 

fastest! most reliable! 
SOLDER vss. "seus" 
BRAZE since ore. 
SWEAT crs. wane 


(DEAL) THERMO -GRIP 


RESISTANCE SOLDERING SETS 











Instant resistance heat concentrated at point of 
contact joins parts in seconds. Work piece heats 
first, melts solder, positively prevents cold-flow 
joints. No pre-heating — no burning of nearby parts, 
... Heat is controlled by thumb-switch. Low voltage 
and completely insulated parts eliminate accidental 
shock ...Compact, rugged units draw current only 
when in use — cut power costs. Universal appli- 
cation: production, maintenance or repair, in 
electrical, metalworking, plumbing, heating, air- 
conditioning and general industry ... Proved in 
hundreds of plants to increase output, cut costs, 
insure better soldering. 


5 MODELS... . 450 to 7500 watts. Plier, fork, 
pencil attachments with replaceable electrodes 
and other accessories. Sizes, models and 
powers for all needs. 


Thermo-Grip soldering can save your company money. 
Mail coupon today for catalog data. 


ee ee ee ee ae 
IDEAL INDUSTRIES, Inc. 
1420-J Park Avenue, Sycamore, Illinois 
Please send catalog on Ideal Thermo-Grip sets. 











ADDRESS____ 
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How to Use Sensors 


Sensing devices (optical, infra-red, magnetic, electro- 
magnetic and nuclear) are now being used to inspect; 
control quality; measure temperature, thickness or mois- 
ture; validate and detect in a wide variety of products 
and industries . . . 





Amplifier 





Amplifier v | Electronic 
Counter 








Multi- 
Vibrator 





A particularly difficult control problem is the accurate 
lineal measurement of steel strip . . . An electronically 
controlled magnetic recording sensor, that accurately 
measures the length of steel plate being produced on a 
continuous line, was our solution, The unit also gives 
a synchronized pulse for each foot of steel plate so that 
the pulse may be fed into data logging or other data ac- 
quisition systems to give the producer an accurate, foot- 
by-foot measurement of his production . . . Electromag- 
netic principle is employed to obtain accurate strip 
lengths. Distance between recordings and pick-up trans- 
ducers is fixed. Tinplate line operates at speeds up to 
2400 fpm .. . (From new 4-page Progress Report, Vol. 
1/No. 2, Designers for Industry, Inc., 4241 Fulton Park- 
way, Cleveland 9, Ohio.) 
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By-Pass Rotameters 


By-Pass Rotameters measure fluid flow rates in pipes of 
two-inch or larger sizes using relatively low-cost orifice 
plates, flow nozzles, venturi tubes or other “differential 
producers,” while retaining the basic advantages of the 
rotameter. 


Stamping on 
nameplate | 
this side 





Pe 
Range union} 


with by-pass} 
orifice 


The differential producer is located in the main pipe 
line in the conventional manner. A by-pass line including 
a rotameter and an additional orifice plate is attached 
at the normal pressure connections. 

Flow rates in both the main line and the rotameter by- 
pass line depend upon the pressure drop across the ori- 
fice or other differential producer. Because the same pres- 
sure drop exists across each line, the flow rate through the 
by-pass line is always in direct proportion to that through 
the main line ... (From new 8-page Bulletin 116, Brooks 
Instrument Co., Inc., Hatfield, Pa.) 
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“MASTER CLOCK” 


for the missile range uses 15 
Honeywell Visicorder oscillographs 


The Timing Operations Center designed and built by 
Epsco-West for the Navy’s Pacific Missile Range is now 
in use at Point Mugu, California. It makes use of 15 
Honeywell Visicorders to read out (as shown on the un- 
retouched record at left) the modulated timing codes dis- 
tributed as balanced outputs to the Center’s “‘customers.”’ 


The solid-state Epsco-West TOC generates up to 11 sep- 
arate timing signals, one or all of which may be delivered 
to any of 36 users. 


The 906B Visicorder also performs a supplementary func- 
tion as a monitor on the timing and test-patch panel, and 
as permanent “record-keeper”’ for the built-in indicators 
and test oscilloscopes. Visicorders were selected for their 
jobs with the TOC because of their versatility, reliability, 
low cost, and compact size ((10”x 10” x 15!2"; weight, 
37 lbs.). 


Pioneer and acknowledged standard in the field of high 
frequency direct-recording oscillography, the Visicorder is 
available in several models, from 6 to 36 channels, DC to 
5000 cps response, up to 50,000” /sec writing speed. Honey- 
well engineering is at your service through 120 field offices 
for help in applying one Visicorder or a full system to your 
data acquisition program; or a quantity of Visicorders for 
OEM application in your products. 


Call your local Honeywell office now or write today for Cata- 
logs HC906B, 1012, 1108, and 1406 to Minneapolis- 
Honeywell, Heiland Division, 5200 East Evans Avenue, 
Denver 22, Colorado. Our telephone is SK yline 6-3681, Area 
Code 303. 


Honeywell 
(H) Fit inn Covtrol 


SINCE 186865 
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DATAL...from 
 VALCOR 


“HOW TO 
SPECIFY 
SOLENOID 
VALVES”, 
an 8-page bro- 
chure complete 
with drawings, 
diagrams, charts 
and curves. 


VALVE 
SELECTIONS 

FOR CORROSIVE 
APPLICATIONS”, 


a 16-page manual 
listing over 500 
corrosive media. 


Both are free. Both 
should be at your fingertips. 


Write today for your copies! 


VALCOR 
ENGINEERING CORP. 


5366 Carnegie Avenue, Kenilworth, N. J. « CH 5-1665 


VALCOR 


SOLENOID VALVES 
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High Permeability Alloys 


The Carpenter Steel Company’s high permeability al- 
loys HyMu “80” and High Permeability “49” Trans- 
former Grade are widely used in the form of die-cut lam- 
inations to form cores of transformers and other devices 
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for use over a wide range of audio frequencies . . . Bulle- 
tin provides considerably more information in the form 
of a.c. inductance and impedance permeability values for 
both types of alloys in each thickness. In addition, d.c. 
magnetization permeability curves, plus a range of values 
of permeabilities, are given for both “49” and “80” al- 
loys. Condensed information is provided on two addi- 
tional Carpenter high-permeability alloys: Hy-Ra “80” 
and Hy-Ra “49” .. . (From new 40-page Bulletin B3, 
Magnetic Metals Co., Hays Ave. at 21st St., Camden 1, 
Ns 35) 
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Three Basic Functions of 
Pressure Switches 


Single setting switches will open or close one elec- 
trical circuit at a given pressure setting. 












































Dual control switches have two switching elements ac- 
tuated by one sensing element. This allows the pressure 
switch to control two independent electrical circuits. Easy 
switching element can be set to actuate at a different pres- 
sure setting. 

Differential switches sense a pressure drop between two 
closed systems, such as occurs in the inlet and outlet side 
of a filter. Differential switches are independent of sur- 
rounding air or ambient pressure. The reference pressure 
is the more stable pressure, and the variable pressure is 
the one which fluctuates the most. In other words, a differ- 
ential switch senses a pressure difference between a vari- 
able and a reference pressure . . . (From new 20-page 
Design Handbook Section of Catalog 61-62, Bulletin 
610430, Barksdale Valves, Pressure Switch Div., 5125 
Alcao Ave., Los Angeles 58, Calif.) 
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MODEL 3500 Uni- 
Directional Reader. 
Speeds to 2000 cps. 
Stops before the fol- 
lowing character at 
1000 cps. 


MODEL B3500 Bi- 
Directional Reader. 
Speeds to 1000 cps. 
Stops before the fol- 
lowing character at 
1000 cps. 


-------5--------- 


MODEL 4544 Uni- 
Directional Tape 
Handler. Foruse 
with model 3500 
readers. Handles 
500 feet of 5 to 8 
level tapes inter- 
changeably at 
speeds to 500 cps. 


I 
I 
I 
For a Complete Line of 
I 


Perforated Tape Equipment 


DIGITRONICS 


MODEL 4577 Bi- 
Directional Tape 
Handler. Handles 
500 feet of 5 to 8 
level tapes inter- 
changeably at 
speeds to 500 cps. 
Rapid rewind at 
1000 cps. 
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High Speed, 
All Solid State 
HANDLERS and 


PHOTO-ELECTRIC READERS 


Handler. For use 
with model 3500 or 
B3500 readers. Han- 
dies 500 feet of 5 to 
8 level tape, in 
either direction, at 
speeds to 400 cps. 
Rapid rewind at 
1000 cps. 


MODEL 4599 Bi- 
Directional Tape 
Handler. Handles 
1000 feet of 5 to 8 
level tapes inter- 
changeably at 
speeds to 250 cps. 


No matter what your requirements... whether for use 


with digital computers, machine tool controls, ground 
support or other instrumentation ...8 basic Dykor® 
models each of modular design allow Digitronics to tailor 
its equipment to meet your specific requirements. All 
solid state construction for years of low maintenance 
operation. Speeds from 50 to 2,000 characters per sec- 
ond, 5 to 8 level interchangability, dual speed motors 
and many other Digitronics options. 


See your local Digitronics representative or write for full 
technical information to: 


I 

| 

I 

MODEL 4500 inte- 

| grated High Speed 
Bi-Directional Read- 

| j er. Full servo reel 

| control. Speeds to 

I 4 600 cps. while han- 

1 ai dling 1000 feet of 5 

| to 8 level tape. Inte- 

| grated electronics 

| chassis contains 

| vacuum tube reel 
servos, solid state 

l controls and chan- 

nel amplifiers. 

I 
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Albertson Ave 


Alberts York e Area Code 516 HT 4-100( 
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You get them all — wide ranging versatility .. . maximum 
sensitivity .. . easy installation and servicing! These features 
combine in a Fenwal 536-580 multi-point monitoring system 
to give you precise, transistorized temperature control and 
indication. And you choose the features you need to suit your 
own requirements! 


Examine these cost saving advantages: Indication and con- 

trol circuits are separate . . . the 536-580 system eliminates the 

‘i n need for separate indication and control at each point. You 

S 1 M It P t can build a control system concurrent with your needs — 
O ve u 1- o1n start with 2 points and build up to 10 points without paying 

a premium at the outset. The complete control system is built 

from standard catalog parts, thereby eliminating the need to 


Temperature Control buy costly “‘specials” for servicing at a later date. 


Individual points can have either proportioning or ON/OFF 
control modes. The system permits “flick of switch” indica- 
Prob e l ] lS cae tion of from 2 to 10 temperatures. Individual set points can be 
adjusted from a central control panel or through a separate 
potentiometer remotely located. You select your own number 
of points and you pay only for the options you use. 


Z 
at 3 cost of Choose from five standard temperature ranges — from 
—50 to 600°F ... expanded scales permit fine temperature 


competitive systems adjustments and improved readability, and the entire system 


gives you sensitivity to within 0.1°F. 


Both instruments are smartly styled to perfectly comple- 
ment modern industrial machines and interiors. A Fenwal 
engineer will be glad to supply information on this system, or 
any other temperature control in Fenwal’s broad line. Write 
Fenwal Incorporated, 3610 Pleasant Street, Ashland, Mass, 


Another 
example ot how CONTROLS TEMPERATURE... PRECISELY 
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Communications 


With Teletype Model 28 printers your messages 
and data can be sent quickly and economically to 
any destination, near or far. But this is only part: 
of the story—these printers offer an array of op- 
tional features that can multiply the usefulness and 
versatility of your communications system, save 
you important time and effort. Here are examples: 


e Pin-feed platen for controlling multi-copy busi- 
ness forms. 


e Choice of platen widths to accommodate almost 
any size form or message paper. 


e Vertical as well as horizontal tabulators. 
e Automatic form feed-out—spaces out completed 


COR 


versatility at your fingertips 


form with one key stroke, brings next form to 
starting position. 

e Variety of type styles and sizes. 

e Parallel-wire arrangement for business machine 
print-out. 

e Built-in sequence selector for controlling remote 
equipment. 

e Adaptable for DATA-PHONE and telegraphic 
communications services. 

Teletype equipment is manufactured for the Bell 
System and others who require the utmost re- 
liability from their data communications systems. 
For further information write to Teletype Corpora- 
tion, Dept 22K,5555 Touhy Avenue, Skokie, Illinois. 


nee A ie 
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PYRHELIOMETER 


For the Measurement of 
SOLAR RADIATION 


Eppley Pyrheliometers are used for solar 
radiation measurements at ninety-eight 
weather stations in the continental United 
States, Canada, Alaska, Greenland, Ice- 
land, Caribbean Sea, and the Pacific 
Ocean. Sixty-two of these stations are 
under the direction of the United States 
Weather Bureau. 


The Eppley Pyrheliometer was adopted 
as standard equipment by the Weather 
Bureau after considerable experimenta- 


tion. It was found to be the best instru- 


ment so far tested by the Bureau. 


Used in conjunction with a suitable re- 
corder, the Eppley Pyrheliometer will 
provide an accurate and reliable record 
of total solar and sky radiation on a 


horizontal surface. 


Bulletin No. 2 on Request 
THE EPPLEY LABORATORY, INC. 


Scientific Instruments 


2 Sheffield AVE. 
Newport, Rhode Island U. S. A. 
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R. F. Power Bridges 


Microwave power measurements at power levels in 
the range below about 20 milliwatts are usually made 
using bolometers (thermistors or barretters) in ar- 
rangements, usually bridge circuits, which allow DC or 
audio frequency power to be substituted for R.F. power 
... The bolometer element is used as one arm of a bridge 
and the low frequency AC through the bolometer used 
to adjust the bolometer resistance to produce a bridge 
balance . . . Bolometers used in R.F. power measurements 
fall into two categories, thermistors and barretters . 





SOURCE OF 


Pas STANDARD POWER 
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oe \ 


CAUBRATED MOUNT TO BE 
MOUNT COUPLER CALIBRATED 
COMBINATION 


RF 
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The errors associated with the bolometer and its mount 
are usually lumped together and expressed as a calibra- 
tion factor . Most commercially available power 
bridges are of the self-balancing variety and employ 
both DC and AC in their bolometer biasing circaits and 
as substitution power. For highest accuracy, however, 
both bias power and substituted power should be pure 
DC ... (From new 12-page Brochure “Power Bridges 
and Thermistor Mounts,” Weinschel Engineering, Ken- 
sington, Md.) 
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Analog Multiple-Divider 


An inexpensive computing device, designated MD-1, 
executes the operation D — AB/C with an accuracy better 
than 0.1%. Since the parameters A and C are completely 
isolated, and may differ in form from the parameters B 
and D, ac and de signals may be mixed in the computa- 
tion with no loss in accuracy. 

The computation element is an array of solid state re- 
sistors set up in bridge circuits. These resistors act as 
pure ohmic elements capable of carrying ac or de cur- 
rents. A de control signal is applied so as to modify the 
values of the resistors to unbalance the bridges of which 
they are a part... The de output of the power amplifier 
provides the control power which changes the ohmic 
values of the bridge resistors. It is available as a vacuum 
tube or solid state device. A high output impedance is 
helpful in extending the bandwidth of the multiplier, since 
changing of the bridge resistors is primarily a function of 
contro) current ... The bandwidth of the system is easily 
extended by suitable amplifier design, and by insertion 
of equalizer networks in the null loop. 

The multiplying element is only 214” x 2144” x 284"... 
(From new brochure, ELASCO, Inc., 5 Prescoti St., Rox- 
bury 19, Mass.) 
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VOLTMETER' 


ili POLAR 


i 
H 


10 years without periodic maintenance! 


The reed relays in the new Cubic V-70 series of digital voltmeters assure you of a decade of flaw- 


less service. These r elays (which replace the stepping switches used in conventional DVMs) have 
been life-tested for 100 million operations —the equivalent of over ten years of normal operation. 
The V-70 covers the full DC range from 1 millivolt to 999.9 volts. Balance time is 500 milliseconds; 


maximum readout time, 750 milliseconds; absolute accuracy is 0.01% plus or minus 1 digit. The 
meter has no vacuum tubes or moving parts; it operates in any position and is heat and shock 





resistant, the relays require no maintenance. The V-70 series - 
offers the highest operating speed available in its price range: Cu pic 


CORPORATION 














V-70, only $1,580; V-71 (with automatic ranging and polarity), 


; - INDUSTRIAL DIVISION 
$2,200. For further information, write to Department IC-109. SAN DIEGO 11, CALIFORNIA ¢ ROME, ITALY 


OTHER OFFICES: LOS ANGELES, CALIFORNIA—ROME, ITALY (CUBIC EUROPA S. p.A)« REPRESENTATIVES IN PRINCIPAL U.S. AND CANADIAN CITIES 





Low-Temperature Metallizing 


Low temperature metallizing falls into three categories: 
Metallize ‘A’: A silver-glass frit process that is used for 
unglazed and glazed steatite, and glazed alumina... . 


Proven 
ABSOLUTE PRESSURE 
CONTROLS 


STEATITE ALUMINA 


| ALSIMAG 35 


ALSIMAG 645 


ALSIMAG 576 





High strength 
insulators with 
good electrical 
characteristics, 
PROPERTY made to close 
tolerances for 
household 
equipment and 
appliances. 


Good hanical 


An ical 





and electrical 
properties. 
Especially suited 
for complicated 
pressed pieces. 


high strength 
alumina with 
excellent electrical 
and mechanical 
characteristics. 
85% Al,O., 





0 to .02 


Water Absorption % impervious 


0 to .02 
Impervious 


0.00 
Impervious 





Specific Gravity _ 2.5 


2.7 


3.4 





Density . Lbs. per cu. in. .090 


098 


123 





Standard body colors? White 


White 


White 




















by UNITED ELECTRIC 

The Type J20 Absolute Pressure Control with 
its spring loaded, completely evacuated bellows pro- 
vides positive switching . . . in response to source 


pressure variations . . . independent of atmospheric 
pressures and temperatures. 





0 to 35 psia 
5.0 psia 
factory calibrated at mid-point of 


the 5.0 psia adjustable range spe- 
cified 


factory set anywhere within limits 
of 1.5 to 5.0 psia 


0.1 psia between — 65° F to 160° 
F, altitude to 60,000 feet, 100% 
relative humidity 


4 amps with non-inductive load 
of 28 volts D.C. or 10 amps at 
115 volts A.C. 


single-pole, single-throw, snap- 
acting 

class R—-NC—opens on decreas- 
ing pressures 

class G—-NO—closes on decreas- 
ing pressures 


solder terminals on face of con- 
trol can be pivoted and soldered 
in any position 


























an 


lg” NPT, male thread to pressure 
source 





approx. 5 ounces 

3540” x 21140” x 1349” 
pressuring pumps on air-borne, 
mobile, or other equipment 

also in pressurized coaxial cables, 
in ground radar, and in maintain- 
ing frequency bands 














UNITED ELECTRIC manufactures a complete line of 
temperature, pressure and vacuum controls. Standard 
units can be modified or custom-built units made to 
your specifications. Additional information on pres- 
sure and vacuum controls is available upon request. 


UNITED ELECTRIC 


CONTROLS COMPANY 
85 School St., Watertown, Mass. 
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Metallize “B”: A direct soldering silver-glass frit compo- 
sition that is used on unglazed or glazed steatite and 
glazed alumina that can be soldered directly . . . Metal- 
lize “R”: A modified silver base process that is used pri- 
marily for unglazed ceramics . . . High temperature metal- 
lizing falls into two categories; the active metals method 
and the refractory metal powder method . . . (From new 
16-page Bulletin 612, American Lava Corp., Subs. of 
Minnesota Mining and Mfg. Co., Chattanooga 5, Tenn.) 
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Statement of Ownership, etc. 


Statement required by the Act of August 24, 1912, as amended by 
the Acts of March 3, 1933, July 2, 1946 and June 11, 1960 (74 Stat. 
208) showing the Ownership, Management, and Circulation of 


INSTRUMENTS & CONTROL SYSTEMS 
published monthly at Pontiac, Illinois for September, 1961. 


1. The names and addresses of the publisher, editor, managing edi- 
tor, and business managers are: Publisher, Richard Rimbach, 8550 Bab- 
cock Blvd., Pittsburgh 37, Pa.; Editor, Milton H. Aronson, 4800 Stan- 
ton Avenue, Pittsburgh, Pa., Managing editor, F. D. Marton, 209 
Gilkeson Road, Pittsburgh, Pa.; Business manager, Richard Rimbach, 
8550 Babcock Blvd., Pittsburgh 37, Pa. 


2. The owner is: (If owned by a corporation, its name and ad- 
dress must be stated and also immediately thereunder the names and 
addresses of stockholders owning or holding 1 percent or more of 
total amount of stock. If not owned by a corporation, the names and 
addresses of the individual owners must be given. If owned by a 
partnership or other unincorporated firm, its name and address, as 
well as that of each individual member ,must be given.) 


Richard Rimbach, Sr., Pittsburgh, Pa.; Mrs. Richard Rimbach, 
Pittsburgh, Pa.; Richard Rimbach, Jr., Pgh., Pa.; Mrs. M. F. Behar, 
New York, N. Y.; Milton Aronson, Pgh., Pa.; Martha Rimbach, Pgh., 
Pa.; Gretchen Rimbach, Pgh., Pa. 


3. The known bondholders, mortgagees, and other security holders 
owning or holding 1 per cent or more of total amount of bonds, 
mortgages, or other securities are: None. 


4. Paragraphs 2 and 3 include, in cases where the stockholder 
or security holder appears upon the books of the company as trustee 
or in any other fiduciary relation, the name of the person or corpo- 
ration for whom such trustee is acting; also the statements in the 
two paragraphs show the affiant’s full knowledge and belief as to 
the circumstances and conditions under which stockholders and secur- 
ity holders who do not appear upon the books of the company as 
trustees, hold stock and securities in a capacity other than that of 
a bona fide owner. 


5. The average number of copies of each issue of this publication 
sold or distributed, through the mails or otherwise, to paid sub- 
scribers during the 12 months preceding the date shown was: (This 
information is required by the act of June 11, 1960 to be included in 
all statements regardiess of frequency of issue) 31,221. 


Richard Rimbach, Publisher. 

Sworn to and subscribed before me this 25th day of September, 1961. 
(SEAL) John T. Roscher. 

(My commission expires Feb. 6, 1963) 





HOW FAR...AND HOW FAST... 


can you use computer control profitably? 


BAILEY 700 SYSTEMS CAN HELP YOU 
DETERMINE THIS—ONE STEP AT A TIME 


Can computer control be used—profitably 
—in your process operations? 


Where and how? 


The answer often lies in intermediate 
stages of improvement in sensing, measur- 
ing, controlling, computing. 


Bailey engineers can help you determine 
and prove — one step at a time — how far 
analog or digital systems can be profitably 
applied in your operations. Bailey is 
equipped, by broad experience, to provide 
single-source responsibility from sensing 
and measuring instrumentation to com- 
plete automation. Bailey 700 Systems are 
installed, in operation, or on order, at loca- 
tions from coast to coast and throughout 
the world. 


Find out what this Bailey background can 
offer. Contact your Bailey District Office. 


SIX STEPS TO FULL AUTOMATION 


Centralize and simplify information display — 
use analog and digital techniques to clarify infor- 
mation, aid operator understanding, improve 
reliability of interpretation, and save space. 
Extend use of interlocks and limiting circuitry— 
use digital solid-state components to extend super- 
visory controls, thereby minimizing effects of 
human error. 

Increase use of automatic sub-loops — simplify 
and standardize the starting, controlling, and stop- 
ping of major plant components and sub-systems. 
Extend on-line controls— integrate sub-loops, 
interlocks, and limiting controls with conventional 
controls to secure automatic operation over full 
range, once unit is on the line. 

Provide performance monitoring—add computing 
facilities to provide significant up-to-date calcula- 
tions for operation improvement and maintenance 
scheduling. 

Integrate ali system elements — add start-stop 
control to provide full automation, the ultimate goal. 


G 158-1 


INSTRUMENTS, CONTROLS, AND SYSTEMS 


BAILEY METER COMPANY 
1041 IVANHOE ROAD « CLEVELAND 10, OHIO 


in Canada—Bailey Meter Company Limited, Montreal 
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DOUBLE 
LENSES 


DOUBLE 
CHECK 


... for the precise calibration that means 
RECORDING CHART DEPENDABILITY 


Charlie Robinson, our pressroom supervisor, is 
making a careful chart calibration check in the 
picture above. He does this often. 


To make this test Charlie uses two engraver’s 
glasses, a special templet ...and the 50 years of 
chart printing experience that stands behind every 
GC Recording Chart. 


What this test involves is making sure that the 
center line of the circular punches on a GC Strip 
Recording Chart is always the same distance — 
the correct distance — from the zero line of the 
chart grid. This means that a 25 psi recording at 


the end of a process, for example, will have the 
same value as a 25 psi recording at the start. 


Take rigid inspection standards like these — 
and add repeated paper and ink tests, continuous 
humidity control in production and storage areas, 
and speed of printing and delivery. You’ll see why 
more than 5,000 chart users rely regularly on GC 
dependability. 

GC stocks more than 15,000 different chart 
types. We design and print charts for special pur- 
poses. Why not send now for the GC Stock List 
and for specific sample charts? 





RECORDING 


CHARTS 
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PANHANDLE 
PETE 


WESCO! PLUGS HOLE IN 
DEFENSE POSTURE 


An obvious and dangerous hole in 
the nation’s defense posture has been 
plugged by WESCO!, the company 
whose motto is Progress Through En- 
lightened Instrumentation. While our 
country has been spending $45 bil- 
lion a year preparing for nuclear war 
to defend our freedom, and $0.5-mil- 
lion for civil defense to defend our 
citizens, no thought has been given 
to the fact that the critical heart of 
our industrial civilization, the instru- 
ments and computer-controllers that 
control our complex industrial com- 
plex, the instrumentation without 
which no modern industrial state can 
operate—all these vital elements are 
sensitive to nuclear blast, fire, and 
fallout. This oversight and weakness 
in our society has been eliminated 
by that far-sighted firm—-WESCO!— 
which announces the country’s first 
complete line of falloutproof instru- 
ments. 

No more need an industrial man- 
ager worry about what will happen 
when the bombs fall. WESCO! in- 
struments have been made fallout 
proof by shielding all dynamic and 





passive elements susceptible to en- | 


vironmental radioactive influences 


| 
| 


(AN contract 47635925, Project Sur- | | 
vival). In most instruments (such as | 
the WESCO! three-loop process con- | 


trol computer) this meant encasing all 


sensitive elements in 18 layers of | 


tungsten-rhubidium-platinum-lead 
shields, sandwiched by temperature 
controlled recirculating water. 


Special problems were encountered | 
with the WESCO! Kanarienvogle gas | 


analyzer, which did not function 


properly with 142 pounds of shield. | 
ing. However, after 8 months of in- | 
tensive research (An Contract 345672- | 


91-48, Project Kanarienvogle Waffen- 


sinking Under Wasser) a solution was | | 
found by encasing only the Kanarien- | 


vogle gonads, testes cerebri, and in- 


ferior colliculi of the corpora quad- | | 


rigemina with a specially designed | 


NEW! 


shield of platinum-lead-rhenium (AN 
Project 47893942, Project Kanarien- 
vogle Ballsenstuffensaven) . 

Every instrument in the WESCO! 
large line now can be offered in spe- 
cial fail-safe and fallout-proof ver- 
sions (at slight additional charge). 
All instruments have undergone field 
tests, and satisfaction is guaranteed or 


money will be returned if any instru- | 
ment fails due to nuclear holocaust— | 


instrument must be returned by origi- 
nal purchaser. 











The "punch line" for this cartoon was 
lost by Panhandle Pete. This provoc- 
ative situation might suggest a fit- 
ting caption to our imaginative read- 
ers. Ten dollars worth of our books 
or Handbooks will be sent to any (and 
all) readers who suggest a fitting cap- 
tion. Test of "fit" will be publication 
in the December issue. 


Digital Techniques 
for Computation and Control 


Electronic Circuitry for 
Instruments and Equipment 


100 Electronic Circuits—Vol. 1 $2.00 
100 Electronic Circuits—Vol. 2 
Electronic Control Handbook 

Weight Measurement & Control 
Strain Gage Instrumentation 

$1.50 
$2.00 
$2.00 
$2.00 


$2.00 


The Automatic Factory 
Control Valves 

Regulators and Relief Valves 
Process Control 

Process Control Analysis 


Nuclear Reactors 
for Industry and Universities 


Scientific and Industrial 
Glass Blowing 


Tne Computer Handbook 
Printed Circuitry 


INSTRUMENTS PUBLISHING CO. 
845 RIDGE AVENUE 
PITTSBURGH 12, PENNA. 


Panhandle Pete | 


$4.00 | 


$2.00 | 


$2.00 
$2.00 
$2.00 | 
$2.00 | 





$2.00 


$5.00 | 
$2.00 | 
$2.00 | 


Heat- sensitive 
RECORDING CHARTS 


Quality-Proven in 
Test after Test! 


After lengthy research and extensive 
testing, GC brings you the best all pur- 
pose heat-sensitive oscillograph paper 
for awide range of recorders andevery 
industrial application. 


GC heat-sensitive charts provide 
finer trace lines for accuracy in record- 
ing, outstanding dimensional stability, 
and greater resistance to abrasion in 
handling. 


Through volume production, and 
with over 50 years of experience, the 
world’s largest producer of recording 
charts can bring substantial savings to 
you for all your chart requirements. 


Our new folder gives you the facts 
on GC heat-sensitive charts. Clip and 
mail the coupon for your copy. 


RECORDING 
CHARTS 


imei. o This Coupon-———~ 

| TECHNICAL RECORDING CHART DIV. 

| GRAPHIC CONTROLS CORPORATION 
189 Van Rensselaer St., Dept. IC 


Buffalo 10, N. Y. 


Please send me your new folder on GC 
heat-sensitive Recording Charts. 
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PARKER “RIDG-LOK” 
REVERSIBLE 


FERRULES 
TAKE THE GAMBI OUT OF 


COMPRESSION FITTINGS 
| ASSEMBLY... 


Take a fitting apart and the ferrule either gets put back 
ON = DES IG N or it doesn’t . . . if it does get put back, it either gets in 
IN STAINLESS STEEL, the right way or in backwards, or ‘‘cocked.”’ Some com- 
BRASS, MONEL AND pression fittings have two ferrules. Then the odds are 
STEEL; FOR USE WITH 
STAINLESS STEEL, Parker’s new compression fitting, ‘“‘Ridg-lok,’’ ends all 
COPPER, MONEL OR that. Its ferrule has identical ends. Either way it gets put 
STEEL TUBING. back is the right way. And the end that doesn’t grip the 
Special Tetion ferrules avali- tube protrudes through the nut. You’re sure the ferrule 
able for use with glass tubing. got put back, straight, because you can see it. 


really against you. 


PARKER-HANNIFIN 


wel Parker FITTINGS AND HOSE DIVISION 
17325 Euclid Avenue + Cleveland 12, Ohio 


CORPORATION 
PNeumatic ano Hvorautic SYSTEM COMPONENTS 


3582-PH EUROPEAN DIVISION + PARKER-HANNIFIN N,V. « SCHIPHOL+ THE NETHERLANDS 
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CRESCENT 


POLYETHYLENE 
MULTITUBE 


INDIVIDUALLY NUMBERED TUBES—Numbers in white 
appear at 2-I/," intervals throughout the length, thus 
permitting positive identification of every tube anywhere 
along the length, as well as at each end. 


with 
INDIVIDUALLY 
NUMBERED TUBES 


BLACK POLYETHYLENE TUBES—Pigmented, high mo- 
lecular weight virgin polyethylene Type P tubes are em- 
ployed for maximum resistance to environmental stress 


cracking and aging in sunlight. 


THREE STANDARD TYPES TO MEET YOUR SPECIFIC NEED 


CRESCENT POLYETHYLENE MULTITUBE is composed 
of 2 to 37 individually numbered black Type P Tubes, 
cabled together under a heavy, waterproof PVC tape 
with a flexible, interlocked, galvanized steel armor for 


STANDARD TYPES 


TYPE PA—Interlocked metallic armor provides complete 
mechanical protection to the inherently corrosion 


resistant tubing. 


TYPE PAT—Polyvinyl chloride sheath over the armor adds 
corrosion protection for the armor. Can be 
buried in the earth. 


TYPE PT—PVC sheath gives limited mechanical protec- 
tion. For use in troughs, trays or conduit. 


CRESCENT POLYETHYLENE PRECISION INSTRUMENT 
TUBING—TYPE P developed through extensive research, 
improved manufacturing methods and rigid test stand- 
ards, will continue to be available in 1/,", 34" and 1/." 


complete mechanized protection. A polyvinyl chloride 
(PVC) sheath can be furnished over the steel armor for 
permanent protection from the weather and any corrosive 


exposure. 


OD sizes in up to seven bright colors and black for use 
as single tubing behind panels and in MULTITUBE when 
specified. 


WRITE FOR BULLETIN NO. 960-A 


CRESCENT INSULATED WIRE & CABLE CO., INC. 
TRENTON, NEW JERSEY 
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What!—counters for radar reading? To give the Navy vital facts fast, Philco 
builds counters right into radar control panels. These direct readout count- 
ers were designed by Veeder-Root to eliminate dials and manual interpre- 
tation of instrument data—make radar reading easier than ever. Find out 
how Veeder-Root can help you simplify your operations. Write to Instru- 
ment Section, Veeder-Root Inc., Hartford 2,Conn. count on...VEEDER-ROOT 





EXCESS OC 
B2G SCALE 
Olm 


Four Veeder-Root counters on either side of }) oe . Three counters (bottom) indi- 
screen tell radar operator exact location of CeErC Cate angle and range in miles and yards. 
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EDITORIAL 





ference and Exhibit was held September 11- 

15 in Los Angeles. The Conference was held 
in the Biltmore Hotel, and the Exhibit in the love- 
ly new Los Angeles Memorial Sports Arena. 

The major impression, in both Conference and 
Exhibit, was that 1961 is a year of “catching up,” 
of consolidating and refining the technological 
breakthroughs that characterized the past several 
years. Not every year can see the “world’s first 
process control computer,” although the “first pneu- 
matic process control computer,” was debuted at 
the Show by AiResearch. 

The theme of the Conference, “Reliable Informa- 
tion From Undersea to Outer Space,” is always ap- 
propriate in a general way. Instrumentation is a 
horizontal art and science; instruments are used 
not only from undersea to outer space, but in every 
realm and all levels of organized activity. Instru- 
ments are found everywhere today, as the 280 


T HE 16th Annual Instrument-Automation Con- 


papers showed. 

The greatest interest, conference-wise, seemed 
to be in measurements, standard activities and 
analysis instrumentation. 

Since the earliest days of instrumentation, a seri- 
ous problem has been where to place the instru- 
ment activity—should it be in production because 


it serves the production line? Should it be in engi- 
neering because it is engineering in nature? Should 
it answer directly to management because it serves 
the plant horizontally? 

The problem has no one answer. Instrumentation 
is used in research, in engineering, in production 
and in management functions of any large organ- 
ization. Experience has long established the fact 
that instrumentation responsibility should not be 
left entirely to the end user—the individual re- 
searcher or engineer or production man. The im- 
portance and complexity of instrumentation de- 
mands a specialized facility. Such a facility can 
function as instrument storehouse, calibration cen- 
ter, standards activity, and consultant in matters 
pertaining to instrumentation. This has been the 
trend in industry—but only a beginning has been 
made. 

Many papers and sessions were devoted to 
establishing the costs and economies of instrumen- 
tation. Bill Wildhack of the National Bureau of 
Standards rephrased the cost problem by asking 
“what is the cost of inaccuracy?” and pointed out 
that instrument facilities trying to establish their 
cost pictures might be able to establish the cost of 
not having proper accuracies, and thus emphasize 
their value to management. 


Among the new products of interest at the ex- 
hibit in California were the following: 
1. Minneapolis-Honeywell introduced a new 


Tel-O-Set line of “loop building blocks” (all based 


on 4-20-milliamperes output), including adder, sub- 
tractor, integrator, multiplier /divider, ratio/variable 
cascade, square root, signal delay, 1-mode con- 
troller, limit stop, I/I transducer, AI/P transducer, 
MV/I transducer, etc.—making possible “instant 
systems.” M-H also introduced a new test and cali- 
bration console for testing the complete line of 
Electrik Tel-O-Set instruments. 

Daystrom (Weston Division) entered the field of 
continuous stream analysis with the “Indexometer” 
refractometer. 

Electronic Associates unveiled its new Process 
Control Computer, using analog-computer elements 
to solve the desired process-control problem. 

Fischer & Porter unveiled new potentiometer re- 
corders featuring plug-in modularized design that 
makes servicing of even the potentiometer servo 
element a simple matter of plug-in replacement. 
F&P also had a fine display that showed the ex- 
treme accuracy of its new digital blending system. 

Bailey Meter featured a new automatic burner 
light-off system, a subloop that is essential to the 
“automatic plant.” 

Data Sensors unveiled a new linear accelerometer 
with 5-v output (10-v excitation) using new photo- 
resistive principle. 

Beckman showed its new EASE analog computer 
and the new 210 high-speed data processing system. 

Moore Products featured a new “Optimizer” that 
senses the peak of a process reaction and keeps con- 
trol at the peak—pneumatically. 

Presin unveiled a tiny pendulum-principle pulser 
that gives pulses at 4 to 10 pps at stability of 30 
ppm/day—at a price of $17.50! 

Foxboro unveiled a new electronic impulse-dur- 
ation system using a light-sensitive diode in the 
transmitter; also the new Foxboro-Waugh blending 
system. 

Big news in the process-control-computer field 
was, of course, the new IBM 1710 control system 
for processes (using an IBM 1620 Data Processing 
System) and the GE 412 Process Control Computer. 

Dynel (Varec) unveiled the new Dynacode tele- 
metering system for remote reading of level, pres- 
sure, etc. 

Borg-Warner showed a new line of electronic 
test instrtuments—VTVM, VOM, RF Power, etc. 

Soroban showed its new high-speed punched- 
tape reader using anemometer (air pressure sens- 
ing. 

General Controls showed the world’s smallest 
(%4”) motor-operated gate valve for industrial use, 
also a dual Hydramotor valve actuator. 

Martin-Decker unveiled its pressure calibrator, 
using test gauges and dry nitrogen source of pres- 
sure, 

NESCO (Newport Scientific Co.) introduced a 
0.5%-accuracy, 0.5-second speed potentiometer re- 
corder with Zener reference—at less than $600! 
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Seal 


CONSOLIDATED SAFETY RELIEF VALVE’S Sealing Bellows 


protects against damage from contaminants, corrosion, or 
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viscous fluids 


MAXWELL 


TRADE MARK 


IN| INOOW 9 


Balanced Bellows Type Consolidated Safety 
Relief Valves have a durable, two-ply stain- 
less steel Sealing Bellows that isolates and 
protects working parts from destructive ele- 
ments in the lading fluid. 


The bellows is balanced with the seating sur- 
face. Even with superimposed back pressure 
in the relieving system, valve performance is 
consistently stable and dependable. The bel- 
lows does not affect the high capacity of the 
valve, nor does it require change in set pres- 
sure. Even the blowdown adjustments are 
limited. 


Additionally, Consolidated Safety Relief 
Valves now offer a no-leak tightness main- 


Consolidated Safety 
Relief Valves are 
available in both 
Balanced Bellows and 
Standard designs. 
The Standard type has 
an eductor tube that 
effectively removes 
bonnet pressure. 


tained by a resilient “O” Ring Seat Seal re- 
tained in the valve disc. This Seal assures 
tightness at operating pressures far closer to 
set pressure than with metal-to-metal seats 
alone, yet does not carry the seat load imposed 
by the spring. The Seal also takes piping 
strains much better than all-metal seating. 


The Sealing Bellows and “O” Ring Seat Seal 
are typical of the extra quality built into Con- 
solidated Safety Relief Valves to assure 
absolute protection for personnel and plant. 
These fine features plus flat seating and 
single ring construction also eliminate many 
maintenance problems and costs. Write for 
Catalog 1900 and Bulletin 1940. 


CONSOLIDATED SAFETY RELIEF VALVES 


A product of 


MANNING, MAXWELL & MOORE, INC. 


Valve Division * Tulsa, Oklahoma 


Canada: Manning, Maxwell & Moore of Canada, Ltd., Galt, Ontario 
Latin America: Export Division, Chrysler Building, New York, N. Y. 
Europe: Manning, Maxwell & Moore, S. A., Fribourg, Switzerland 
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BALL VALVES 


ALL VALVES are at present about a $15-million 

segment of the $1.5 billion valve market—but 

this segment is expected to increase more than 
five times before 1964. Advantages claimed for the 
ball valve over more common types (gate, globe, 
tapered plug, etc.) include less friction, space saving 
and bubble tightness. C, ratings (taken from bore size 
rather than nominal valve size) compare favorably 
with other type valves. 

There are two basic types of ball valves, each of 
different design—the pierced ball (which is turned 
on or off by a quarter turn of the ball) and the 
movable ball® (in which the ball moves up or down 
and seats itself against a seat). 

Seats usually are made of Teflon for corrosion re- 
sistance and low friction against the ball. Some models 
offer rotating seats to reduce wear further. 

Sizes from 14” to 42” are offered by about 25 manu- 
facturers, with pressure ratings as high as 10,000 psi, 
as follows: 

*Only one manufacturer offers the solid-ball type; unless 


stated, therefore, the term “ball valve” is used in this 
article refers to the pierced-ball type. 


American Chain & Cable Co. 
R-P & C Division 

American Chain and Cable (Fig. 1) offers the Fig. 
BL-300, made in sizes 4” to 2” by R-P & C Div. The 
valves are equipped with “auto-mating” seats to in- 
sure positive sealing in either flow direction, making it 
useful for vacuum service. The pierced ball, machined 
to ball-bearing accuracy is, like the stem, made of 
naval bronze. 


Ball Valves, Inc. 

Ball Valves, Inc. manufactures hand-operated 
SMITH pierced ball valves (Fig. 2). The SMITH F- 
400, made of forged naval bronze, with “Auto-Mating” 
Teflon seats, provides positive sealing. Sizes are from 
4” to 2”. Pressure ratings are from vacuum to 400 psi. 


Cameron Iron Works 
Cameron Ball Valves feature rotating seats (Figs. 3 
and 4). The seats on the upstream and downstream 


FIG. 1. AMERICAN 
CHAIN & CABLE'S 
R-P & C Division 
features naval 
bronze for valve 


body and ball. 


FIG. 2. BALL 
VALVES, Inc.'s 
SMITH valves are 
suited for vacuum 
service. 


FIG. 3. CAMERON valves feature rotating 


seats. 
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side of the pierced ball are caused to rotate a fraction 
of a turn each time the ball is opened. Seat wear is 
concentrated at the point where flow is initiated on 
opening the valve or pinched off in closing, and rota- 
tion of the seats distributes this wear over the entire 
seat area. This results in tight shut-off and greatly in- 
creases seat life. 


FIG. 4. ELECTRIC- 
MOTOR actuator 


with Cameron Valve. 


Sizes are 2” through 42”, pressure ratings 150 psi 
ASA through 1500 psi ASA, with screwed, flanged, or 
welding ends. 

Any established make of electric, hydraulic, or pneu- 
matic quarter-turn power actuators can be used. 


Cooper Alloy Corp. 
Cooper Alloy offers pierced ball valves in sizes from 
’” to 2” in six variations, and a brand new line of 


ver 


miniature valves from %” to 4” (Fig. 5). 


FIG. 5. COOPER 
miniature line com- 
prises sizes !/g"" to 
WA wu 


i 


Operation of these valves is manual or by cylinder 
or electric-motor operators (made by others). 


Crane Company 
Crane has a new line of pierced ball valves (Fig. 
6) in bronze, steel and stainless steel and in sizes from 
4” to 2”, rated from vacuum to 800 psi and from —40 
to 400°F. 
Valves feature Teflon seats with controlled pre- 
loading. Another design feature is the tapered cart- 


FIG. 6. CRANE fea- 
tures a removable 
cartridge containing 
the entire seating 
assembly. 
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ridge which contains the entire seating assembly, fa- 
cilitating removal from the line for cleaning. Reas- 
sembly of the cartridge is simple and its design assures 
accurate replacement in valve body. “O”-ring seals on 
both stem and cartridge insure proper closure, and a 
Teflon thrust washer between the stem and retaining 
ring compensates for axial stem thrust due to line 
pressure keeping stem friction at a minimum. 


General Kinetics Corporation 


General Kinetics Corp. manufactures two types of 
ball valves: the Hi-100® Industrial Control Valve 
(formerly called the P-K Paul® Valve) and the Lude- 
man Rotoflo® Valve. 

The Hi-100 Valve (Fig. 7) is a solid ball-valve 
(where the ball takes the place of the plug in control 
valves, in contrast to pierced-ball valves ) designed pri- 
marily for industrial control applications. Its outstand- 
ing features are: (1) high flow capacity (C,’s from 
1.0 for the k” size to 3920 for the 14” valve); (2) wide 
rangeability (up to 200:1); (3) ability to handle large 


FIG. 7. GENERAL KI- 
NETICS' Hi-!00® valve 
(formerly called the P-K 
Paul® valve) has solid ball 
held in a cage which is 
moved by stem. When 
valve is opened, cage lifts 
ball up and simultaneous- 
ly rolls it away from seat. 


pressure drops, high velocities, and extreme tempera- 
tures; and (4) tight shut-off (with “lower operating 
thrust than other single-seated valves” ). 

The ball is held in a cage which is moved by the 
stem. When the valve is opened, the cage lifts the ball 
up and simultaneously rolls it away from the seat. 

The Ludeman Rotoflo Valve (Fig. 8) is a pierced- 
ball valve that differs from the conventional ball valve 
in two important respects: (1) An eccentric cam lifts 
the ball away from the seat before it starts to turn. As 
there is no friction between the spherical plug and 
the seat, the valve handles abrasive fluids and can be 
used at high pressures. (2) Metal-to-metal seating per- 
mits the valve to be used at high temperatures; lock- 
ing action assures tight shut-off under all conditions. 
Elimination of the soft plastic seat used in conventional 
ball valves makes this valve especially suitable for 
shipboard use (fire does not cause failure), nuclear 





FIG. 8. LUDEMAN 
ROTOFLOW valve 
made by General 
Kinetics features ec- 
centric cam that 
lifts ball away from 
seat before it starts 
to turn. 


installations (seat does not deteriorate from radia- 
tion); and cryogenic applications; as well as high 
temperature and high pressure service. 


Hills-McCanna 


Hills-McCanna makes pierced ball valves of both 
the top-entry (“McCannaseal”) and the _bar-stock 
(“McCannaflo”) type hand-operated or with pneu- 
matic or electric actuators. 

The valves (Fig. 9) feature “wedge-seat” design that 
automatically adjusts for wear and top entry for easy 
maintenance. Ball and seats are spring loaded and 
move down into the wedge when wear occurs. Flanged 
Type S-151 is rated 150 psi; Type S-301 has 300-psi 
rating. Sizes 1” through 8” have C, values from 27.5 
to 2100. Screwed-end Type S-2 and socket-weld Type 
S-3 have 300 psi rating. Cast and wrought bodies, and 
trim are made of carbon steel, stainless steel, bronze, 
aluminum. Sizes: 1” through 3” with C, values from 
27.5 to 248. 


FIG. 10. McCAN- 
NAFLO-TY PE valve 
with top-mounted 
pneumatic operator. 
FIG. 9. HILLS-McCANNA 
McCannaseal type. 


McCannaflo design (Fig. 10) features prestressed, 
non-flexing seats for leaktight closure. Made with 


screwed ends in %” through 2” sizes, up to 1000-psi 
rating; and flanged, 4” through 2”, 150 and 300 psi. 

Pneumatic actuators are made in two types: Bonnet- 
mounted, double-action piston actuators (Models S-1, 
S-14”, or 2” size); and U-bolt mounted cylinder-and- 
lever actuators for McCannaflo valves of all available 
sizes (Models 2129-size). 

For larger-size top-entry valves, bonnet-mounted 
double-acting piston operators (Models 301 for 3”; 
701 for 4”; 2701 for 6”; and 732 for 8”) are made. 

Electric operation is via solenoid-valve control of 
air supply to pneumatic valves. 


Hoke, Incorporated 


Hoke specializes in making plastic ball-valves ( Fig. 
11). The toughest grade of type I unplasticised poly- 
vinyl chloride is used. The valves are suited for ex- 


— 


>, a 


FIG. Il. HOKE offers 
plastic ball valves up to 
3" size. 


tensive chemical service, are dimensionally stable, and 
feature high impact strength. Self extinguishing and 
almost completely non-aging, the valves can be heat 
welded or solvent bonded directly in the line. They 
have Teflon seats and are leak-tight at the seats and 
at the stem. With a pressure rating of 125 psi and 
temperature rating of 125°F, the valve body has a 
tensile strength of 8500 psi. Catalog numbers 2672 to 
2677 range from 4”-NPT to 3”-NPT connections on 
both ends. A coupling-like assembly simplifies in- 
stallation, eliminating need for adapters and fittings. 


Homestead Valve Mfg. Co. 


Homestead (Fig. 12) offers hand-operated pierced 
ball valves with cast or barstock bodies, featuring 
flexible self-forming Teflon seats which require no 
lubrication. 








FIG. 12. HOME- 
STEAD bar stock 
valves feature field- 
interchangeable 
ends. 


Cast in bronze or semi-steel in sizes k” to 4” in 
straight-way type and three-way type, made from 
brass, steel, or stainless steel bar-stock, they have 
threaded, flanged, reducing, socket, etc. ends which 
are interchangeable in the field. No unions are needed, 
as the valve ends act as unions. Valves are designed 
for handling fluids at 175 psi or 400 psi, oil, water, gas. 

Air and electric actuators are available for all sizes 
and types. 
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Gordon Hurst, Inc. 
HI-FLO Valves feature a supported ball (Fig. 13). 
The stems of the ball are supported in the case which 
is split on a 45-degree angle. 





FIG. 13. HURST of- 
fers supported ball 
feature. 


— s 


Valves can have one end threaded and union on 
other end. Valves are available in pressure range to 
6000 psi. 

Air or hydraulic actuators can be directly connected 
to the valve without external linkage. The actuators 
are fully enclosed, free from contamination. Electric 
motor actuators are also available for 110-220--volt 
and 12-volt service. 


Hydromatics, Inc. 
Hydromatics FLO-BALL Valve line (Fig. 14 and 
15) features top entry for in-line maintenance, top and 
bottom guided ball, double seats, end flanges integral 


FIG. 14. HYDROMATIC'S FLO-BALL valves feature 
top-and-bottom guided balls. 


with body, one-piece ball and stem and block and 
bleed. These features (1) make it possible to disas- 
semble, remove, and replace any or all internal parts 
and reassemble without removing the valve body from 
the line; (2) put the pressure load on the ball into 
the top and bottom bearings eliminating distortion of 
the seats and providing longer seat left and easy 
operation; (3) insure sealing in both directions for 
double protection against leakage; and (4) give per- 
manent perfect alignment with no backlash. Top and 
bottom guided ball and floating seats provide simul- 
taneous upstream and downstream seal, making the 
valve a true block and bleed type. 
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Standard flanged end valves are available with 150 
psi and 300 psi ASA ratings. The 150 psi ASA flanged 
valves, Series 761 and 711, are furnished with bolted 
packing glands in sizes 1” through 8”, and screwed 
packing glands in sizes 1” through 6”, respectively. 
The 300 psi ASA flanged valves have bolted packing 
glands and are available in sizes 1” through 6”. These 
valves are standard with carbon steel and/or stainless 
steel (316) bodies and balls. Three-way versions of 
the 150 psi ASA flanged end ball valves are also avail- 
able. 

A bar stock Series 715 FLO-BALL Valve (Fig. 15) 
rated at 600 psi WOG, is made in sizes k” to 2”, with 


FIG. 15. HYDROMATIC'S bar-stock Series 712 (left) and 
Model 145 14'' 5000-psi fast-response valve (right). 


either NPT or AND threaded ends. These valves are 
standard in carbon steel, brass, Monel, and 303, 316, 
and alloy-20 stainless steel. A 3-way, Series 912, valve 
is also made. 

The Series 715 FLO-BALL Valve is rated from 
vacuum through 3000 psi and is made in sizes *” 
through 4%” with NPT threaded ends, and in sizes 4” 
through 4” with AND threaded ends. Standard con- 
struction materials are 303 and 316 stainless steel, 
brass and Monel. 

Hydromatics, in addition to its standard off-the- 
shelf commercial FLO-BALL Valve line, has furnished 
many special valves for cryogenic services, automatic 
on-off and control installations, dual coupled pro- 
pellant valves for the X-15 experimental rocket space 
ship, for pressures through 10,000 psi, and for pipe 
lines through 20-inch sizes. 

C, ratings are from 2 for i” bore to 1050 for 14” 
bore. 

Actuators available include manual, electric, pneu- 
matic, and hydraulic types. 


Jamesbury Corp. 


Jamesbury ball valves (Fig. 16) feature the 
“Double-Seal” principle for zero leakage. The float- 
ing ball with a round port through it is preloaded be- 
tween specially designed seats which, in themselves, 
support the ball and are self-compensating for tem- 
perature, pressure, and wear. No lubrication is re- 
quired. 

Body materials are carbon steel, 3 types of stainless 
steel, bronze, ductile iron, Monel, aluminum and PVC, 








Three types of valve actuators are available: (1) 
7 models ( Fig. 16) of cylinder (PC Series). For pneu- 
matic or hydraulic actuation, 60-to-150 psig pressure 


FIG. 16. JAMES- 
BURY valves have 
floating ball be- 
tween preloaded 
seats. Double-acting 
cylinder actuators 
for pneumatic or hy- 
draulic service. 


is required; all pneumatic or hydraulic operators are 
available with 4-way pilot valve or fail-safe spring re- 
turn when required. (2) A line of 6 stationary pneu- 
matic or hydraulic (ST-Series) is available. (3) Elec- 
tric actuation (Fig. 17) is by Type EM25 for the small 


FIG. 17. ELECTRIC-MO- 
TOR actuator for James- 
bury valves have a plane- 
tary gearing, operates on 
115v/60c ac. 


sizes through 2”, Type EM150 for valves of the 3” 
and 4” size, and Type EM-500 for 6” and 8” valves, 
of all types. In case of power failure they can be 
operated manually. 

C, ratings range from 8 for 1”, %” and %” valves to 
3500 for the 10” size. 


Lunkenheimer Co. 
Stainless-steel valves (Fig. 18) made by Lunken- 
heimer are designed for corrosive service with fluids 


FIG. 18. LUNKEN- 
HEIMER 6sstainless- 
steel valves are pre- 
cision machined. 


and gases and general use. They are manufactured to 
close tolerances, obviating the need for take-up mainte- 
nance (Teflon seats are precision molded and then 
machined to insure perfect mating between seat and 
ball surfaces ). Thus, no internal springs or compensa- 
tors are required. 

The design features top entry; compactness, self- 


aligning ball, straight-through flow, long-lasting 
resilient seats and seals, quarter-turn operation, low- 
operating torque and leak-proof performance. Seat 
materials are Teflon (for temperature range —20° to 
400°F) and Buna-N (for —20° to 220°F). Sizes avail- 
able are 4” to 2”. 


Clayton Mark & Co. 
The Forged Steel Products Division of Clayton 
Mark & Co. manufactures the Petro ball valve (Fig. 
19) of dual-seal design featuring a one-piece forging, 


FIG. 19. CLAYTON 
MARK & CO. fea- 
tures ball valves 
with built-in union 
ends. 


and built-in union ends, which simplify installation, 
operation, and maintenance. Available in Buna-N, 
Neoprene, and Teflon, the seats are interchangeable 
to meet most media requirements. Maximum pressure 
rating for all sizes of valves with Buna-N and Neo- 
prene seats is 300 psi. Teflon seats are rated to 600 
psi for 1” through 2” valves and to 1,000 psi for %” 
through %” sizes. It has completely contained “O”-ring 
seals whereby seal extrusion is prevented. Valve is 
available in stainless steel, carbon steel, or brass, and 


ver 


in eight sizes, 4” through 2”. 


Pacific Valves, Inc. 


Pacific ball valves feature straight-thru ports (with 
full opening available); floating ball for positive shut- 
off; adjustable Teflon stem packing; adjustable ball 
seal compression; generous stem bearing for end thrust 
and side thrust; adjustable ball stops; hollow cast balls 
(6” and larger). Balls are hard chromium plated. 


FIG. 20. PACIFIC 
offers 3-way ball 
valve. 


Types available: Fig. No. 225 with screwed ends 
(4” to 2”, rated 125 psi steam, 225 psi to 1000 psi 
WOG, depending on body and seal materials); Fig. 
No. 400 with 150 psi ASA flanged ends (%” to 2”, 
rated 125 psi steam, 175 to 275 WOG, depending on 
body and seal material ); also made in sizes 24” to 14” 
with adjustable Ball-Seal compression ring (with same 
ratings); three-way valves (Fig. 20) with screwed 
ends up to 2”; all-welded construction (for socket 
welding, Fig. No. 226 or with screwed ends for seal 
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FIG. 21. ELECTRIC AC- 
TUATOR on Pacific 


valve. 


welding Fig. No. 225-X); self closing valve that shuts 
off when the handle is released, Models NSC and 
VSC; ratchet operated valves, Model NDO and VDO, 
(pull to open, then pull to close, etc. ); and high-pres- 
sure type Fig. No, 225, rated up to 2500 psi with 
patented StéLok design ball seal of Teflon or Delrin. 

Special stem packings are furnished for high and 
ultra-high vacuum service. Actuators are made as 
worm-gear, with or without chain wheel, or chain- 
lever types for overhead manual operation; and several 
pneumatic type operators are available. Electric motor 
actuators are available for 120 vac or 24 vde (Fig. 21). 
All valves are available with “Fire-labeled” rating to 
provide fire-safe performance. 

C, ratings range from 2 for the \” size to 2000 for 
the 8” size. 


Rockwell Mfg. Co. 

Rockwell Hypresphere valves (Fig. 22) made in 
sizes 10” to 36”, feature positive shut-off with “Seald- 
port” lubrication, fully protected valve seats, self- 
adjusting plug, full flow in either direction. The com- 
pany classifies them as “lubricated spherical-plug 
valves.” 

They come equipped with 4-cylinder hydraulic 
actuators with 4-way control valve and hand pump, 
or, due to their seize, are operated by bevel worm 
gear, with automatic gas, electric, or line-pressure 
actuators plus manual auxiliary operation. 


cE 
ie 


a 


FIG. 22. ROCKWELL 


valve. 


The valves are particularly suitable for those serv- 
ices where due to the nature of the fluid handled, line 
scraping may be desired. Such installations include 
sour gas, oil, and product lines. 

Body material is electric-cast carbon steel. Sizes 20” 
through 30”, have 400 psi ASA flanges with working 
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pressure of 960 psi (Fig. No. 49), 1000 psi WOG 
rating (Fig. No. 109), or 1250-psi WOG rating (Fig. 
No. 129). Ends can be also flanged and butt welded, 
or butt welded. The 16” size comes also with 600-psi 
ASA flanges and working-pressure rating of 1440 psi 
WOG (Fig. No. 69). 


Tube Turn Plastics 


Tube Turn Plastic’s top-entry thermoplastic ball 
valves (Fig. 23) are designed to enable performance 
of on-the-line maintenance almost instantly. One-man 
operation removes or installs the valve bonnet, one- 
piece ball-and-stem, and self-lubricating Teflon seat- 


FIG. 23. TUBE 
TURN PLASTICS 
makes a valve 
serviceable with- 
out breaking line. 


ing inserts. Valves are made of normal or high-impact 
unplasticized polyvinyl chloride (UPVC) or “Penton” 
chlorinated polyether in 4” through 3” nominal pipe 
sizes, threaded, socket, or flanged type. Adjusting nut 
on the valve bonnet permits adjustment of ball seat- 
ing force from the top, eliminating need to break 
piping to perform this operation. All valves are 
manually operated. 


Worcester Valve Co. 

Worcester’s Econ-o-miser valve line (Fig. 24) 
stresses versatility. Balls, stems, bodies, and pipe ends 
are available in many metals such as carbon steel, 
stainless steel, aluminum, and bronze. 


FIG. 24. WOR- 
CESTER valve 
has pipe ends 
bolted to body. 


Standard valve sizes are 4” through 2”; Series 400 
has 150 psi ASA flanges. C, ratings range from 8 for 
the 4” size to 1230 for the 6” valve. 

There are 6 types of connections available—screwed, 
butt welded, welded-in nipple, flanged, socket-weld, 
and union cut-off. In certain cases different type 
connections have been used on both ends, also dif- 
ferent materials. 

Valves can be actuated remotely by solenoids, air 
cylinders, or other means. In one application Worces- 
ter valves are automatically actuated 90,000 ft above 
the earth to sample the atmosphere. 





High-Power Valve Actuators 


J. C. BOONSHAFT 


Boonshaft and Fuchs Inc. 


Combination electro-hydraulic and pneumatic-hydraulic 
techniques are used for high power and fast response. 


CU omnnurion ACTUATORS fall in the field 

of high speed and high horsepower servo de- 
vices, and usually are to be considered when the horse- 
power requirement at the actuator exceeds one or two 
tenths of a horsepower (below which all-electric actua- 
tors usually are satisfactory ). Pneumatic actuators are 
available to several horsepower, but have serious 
limitations in frequency response, stiffness, and resolu- 
tion. These limitations can be overcome by the com- 
bination actuators described in this article. The horse- 
power limitation of these combination actuators is 
entirely cost rather than feasibility, and several units 
in excess of 500 horsepower to the control valve have 
been constructed. 

Almost any reasonable combination of stroke length, 
stroke speed and stroke force is possible, particularly 
in the electro-hydraulic type where compensating net- 
works frequently are employed to enable the valve. 
It is difficult to generalize, but most of the single- 
seated valve applications fall within the 4-to-50-horse- 
power class, and butterfly valves fall within the 1-to- 
500-horsepower class. Full-stroke speeds in the range 
of 0.2 to 0.5 second are usual, and the typical actuator 
shown in Fig. 1 provides a stroking force of 40,000 Ib. 

The actuator may also be required to be (1) linear 
(for typical single-seated process valves), (2) rotary 
(with rotation being less than 360° for butterfly and 
ball valves), or (3) continuous rotary (used for an 
occasional special valve). 

The bandwidth of these actuators in the usual ap- 
plication falls within the 2-to-20-cycle-per-second 
region. Higher bandwidths are possible. 

Each type of actuator can be made either as an 
electro-hydraulic actuator (wherein the input com- 
mand and position feedback signals are electric) or 
pneumatic-hydraulic (wherein the command and posi- 
tion feedback signals are pneumatic, generally 3-15 
psi). The electro-hydraulic type is usually made both 
as an integral self-contained actuator with direct me- 
chanical position feedback, and as an actuator which 
requires a servoamplifier in completing the position 

TYPICAL electro-hydraulic valve actuator. loop. A typical servoamplifier is shown in Fig. 2. 
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SOONSHAFT AND FUCHS ING 


FIG, 2, EXTERNAL SERVOAMPLIFIER used with electro-hydraulic valve actuator. 
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FIG. 3. MAIN ASSEMBLY of electro-hy- 


draulic actuator used with external servo- 
amplifier. 


The choice of actuator, with or without servoampli- 
fier, is a matter which concerns bandwidth, stroke 
linearity, and resolution. With servoamplifiers per- 
mitting a great deal of gain in the loop to be taken at 
the servoamplifier, stroke linearities of 0.2% are possi- 
ble. Without servoamplifier, the best available is ap- 
proximately 1%. Resolution of these units when oper- 
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ated with a servoamplifier may be as high as 1 part in 
50,000 of full stroke, while without the servoamplifier 
1 part in 1,000 is usual. 

Other than horsepower capabilities and the high 
bandwidths possible in hydraulic actuators, there are 
two important reasons (seldom mentioned in the 
literature ) for the use of this type of equipment. These 
are as follows: 

1. High resolution: The resolution of the electro- 
hydraulic operator has been measured as high as 1 
part in 50,000 and the poorest expected will be 1 part 
in 5,000 or better. This resolution allows a smoothness 
of operation that permits tight control loops of which 
other operators are not capable, and most important, 
this resolution in effect extends the rangeability of 
any control valve with which it is used by making 
extremely close positioning around the seat possible. 

2. Stiffness: Stiffness is described best as the ability 
of the valve actuator to hold a command position in- 
dependent of varying valve loads or, inversely, the 
change of command necessary in order to produce 
full thrust capability in the actuator. The usual electro- 
hydraulic actuator has a stiffness of 0.02% with a range 
as small as 0.005%. This means that a change in com- 
mand of 0.02% of full-scale produces full thrust out- 
put capability of the actuator. The pneumatic-hydrau- 
lic actuator has a stiffness of approximately 0.2%—i.e., 
a change in command of 0.2% of full scale produces 
the full thrust capability of the actuator. This stiff- 
ness factor is important in several ways—(1) the 
ability of the actuator to move with the exceedingly 
small resolutions stated above, and (2) and perhaps 
the most importantly, the ability of the valve to hold 
a commanded position despite pressure upsets either 
up or downstream from the control valve. 

Fig. 3 shows the main assembly of an electro-hy- 
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FIG. 4. FREQUENCY RESPONSE of pneumatic-hydraulic actuator. 


draulic operator, the full view of which is shown in 
Fig. 1. The entire feedback assembly, together with 
position transducer, limit switches, servovalves, etc. 
is an integral assembly which permits quick exchange 
and/or repair. In these actuators, the feedback as- 
sembly is brought as a bridge across the cylinder; an 
arm is taken from both the top end and the lower end 
of the cylinder (double ended cylinders are always 
used ) with a connecting arm between the two to hold 
a parallel assembly from which the connection is made 
to the feedback position transducer. This construction 
helps safeguard the feedback position transducer in 
the event of bending of the assembly. The low-level 
or d-c wiring is brought to one side of the assembly, 
and that associated with the limit switches to the other 
side of the assembly. This is important to prevent 
switch transients from upsetting control. The unit 
shown in this picture is an electro-hydraulic actuator 
for use with an external servoamplifier. 

Fig. 5 shows the pneumatic-hydraulic type. In this 
actuator the error signal is formed as part of the pneu- 
matic-hydraulic servovalve; no auxiliary control equip- 
ment is needed to operate it. This picture also il- 
lustrates a type of feedback which makes possible 
extremely long strokes as well as characterization. We 
have found that resolutions as high as 1 part in 1,000 
are available by use of a machine taper (providing 
both sides of the taper are followed and the position 
signal is the result of the width of the taper at any 
point rather than its location in space). 

The frequency response of the pneumatic-hydraulic 
actuator is shown in Fig. 4. The frequency response of 
the electro-hydraulic type may fall, by design, into a 
wide range of characteristics. Fig. 4 is not the best FIG. 5. PNEUMATIC-HYDRAULIC. valve 
which has been achieved with the pneumatic-hydrau- actuator with floating-type feedback as- 
lic type, but represents the state of the art today. sembly. 
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New all-electronic, full-five-digit voltmeter 


20 readings per second, 0.01% accuracy, silent, clatter-free operation 


Consider what you get with the new Eltronic 880. Twenty 
readings per second. True, absolute 0.01% accuracy. Solid 
state reliability and coolness. Silent operation. Only the 
Eltronic 880 can give you these advantages. 

Switching is accomplished electronically. There are no 
moving parts. No contacts to clatter and wear. Hence, no 
noise. Exclusive “conductance adder” logic tracks varying 
voltages, permitting exact values to be read instantly. 

For operator convenience, measurements are digitally 
displayed on a unique readout which tilts to three different 
positions. Measurements can be easily and accurately read 


Another significant breakthrough in digital instrumentation from 


Electro Instruments, Inc. Vl 


8611 BALBOA AVENUE, | SAN DIEGO 11, CALIFORNIA 
J 


whether the 880 is used on a bench, at eye level or high 
in a rack. Clear, bright, digital indicators have 10,000-hour 
life, eliminating troublesome bulb changing. 

Reliability too, is exceptional. Each component, circuit 
board and sub-assembly is rigorously “pyramid” tested. 
Each completed 880 is subjected to a prograrn of acceler- 
ated aging, simulating 100 hours of actual use. Questionable 
components are discovered before delivery, sharply increas- 
ing field reliability. 

The Eltronic 880 is available now. Its cost is surprisingly 
low, so why settle for less? Get in touch with your nearest 
EI field office today. 








Engineers: Challenging opportunities now available. Contact Mr. Harvey Fleming. 









EDWARD M. FEELEY Trincor Corp. 
E. J. KUNNAS Trinity Equipment Corp. 


HEATLESS REACTIVATION 
OF DESICCANT DRYERS 


Moisture can be removed from a desiccant-type dryer by air- 
drying the desiccant, rather than heating the desiccant. Dry- 
ness below any known means of measurement can be achieved. 


inversely proportional to its absolute pres- 
sure. The higher the pressure, the less wa- 
ter it can retain per standard cubic foot. The mois- 
ture-holding capacity of air also rises sharply with 


[Mf isversty proportions CAPACITY of air is 


an increase in its temperature. With every 20°F rise 
in temperature, its water vapor capacity is approx- 
imately doubled. 

SATURATION is the maximum amount of water 
vapor that air will hold at a given temperature and 
pressure, 

DEWPOINT is the temperature at which the 
water vapor begins to deposit or condense as a 
liquid at a given pressure. 

It is often difficult to understand how atmos- 
pheric air should become saturated when com- 
pressed. Assume atmospheric air at 80°F is 50% 
saturated; it will contain 5.72 grains of moisture 
per cubic foot (7000 grains equal one Ib). If 1 
cubic foot of this air is compressed to 103 psig 
(eight times the atmospheric pressure, or 7 x 14.7) 
it would have one-eighth of its former volume (or, 
it would take 8 cubic feet of air at atmospheric 
pressure to equal one cubic foot at 103 psig). By 
compressing 8 cubic feet of this air to 103 psig, 8 
times 5.72 grains of moisture is in 1 cubic foot, or 
45.8 grains, approximately 400% saturation. If it 
were not for the heat of compression (approximate- 
ly 400°F) which tremendously increases the water- 
holding capacity of air, this excess moisture would 
immediately condense. 

This hot, super-saturated air is then generally 
passed through a water-cooled heat exchanger. The 
cooling effect reduces the air temperature, caus- 
ing the excess moisture to condense in the form of 
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liquid water, which is then mechanically separated. 
However, this cooled air is still saturated at its re- 
duced temperature, and any further reduction in 
temperature will cause additional condensation. 

Some installations do not use an aftercooler, rely- 
ing on the air to cool in the air receiver. This is not 
desirable for heavily-loaded air systems because 
the air will not remain in the receiver long enough 
to cool. Consequently, it will cool as it leaves the 
receiver, depositing condensed water in the air 
lines. This same condition will be observed in the 
event of a malfunctioning after cooler, separator or 
trap. 

There are four major methods of removing water 
vapor from compressed air: 

1. Mechanically, by lowering the temperature 
through cooling or refrigeration, or by increasing 
the pressure by compression. Unless high-pressure 
air is required elsewhere, economics seldom will 
justify the high cost of high-pressure equipment 
purely for dehumidification purposes. Cooling the 
air by refrigeration is a fairly common method of 
dehumidification, if low dewpoints are not required. 
In general, most refrigeration dehumidifiers can 
rarely produce dewpoints below +32°F at pres- 
sure because of icing problems on the cooling coils. 
It should be noted that air with a dewpoint of 
+32°F at 100 psig will have a dewpoint of only 
+5°F at 15 psig, or —10°F at atmospheric pres- 
sure. These dewpoints are not suitable for instru- 
ments or process equipment subjected to field tem- 
peratures below 5°F. 

2. Chemically, through the use of reactive chem- 
icals such as sulfuric acid, phosphorous pentoxide, 
etc. Generally, this type of drying is limited to 
laboratory-type applications because of the cor- 
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rosive nature of the chemicals involved. 

3. Absorptive, through the use of chemicals that 
dissolve or change in the presence of water. Cal- 
cium chloride and salt are forms of solid absorbent, 
and typical liquid absorptives include ethylene 
glycol, etc. This type of absorptive dehumidifica- 
tion is not capable of providing low dewpoints be- 
cause the vapor pressure of the materials employed 
is not much lower than the vapor pressure of satu- 
rated air. Consequently, there is a minimum of 
dewpoint depression because the amount of water 
vapor transfer from the air to the absorbent is 
limited. In addition, many of the soluble salts com- 
monly used have a corrosive precipitate requiring 
constant replenishment and care to see that over- 
loads or line surges do not carry over corrosive 
vapors into the downstream line. 

4. Adsorption, through the use of chemically in- 
ert desiccants such as Silica Gel, Activated Alumina, 
Molecular Sieves, etc. Adsorptive desiccants have 
few of the disadvantages of the previous methods 
and are capable of providing extremely low dew- 
points. Commercial desiccant dryers are now avail- 
able to produce dewpoints below —100°F at line 
pressure, 

The water adsorption capacity of any desiccant is 
expressed in the pounds of water it can adsorb per 
pound of desiccant until the dewpoint curve rises 
sharply. In theory, most desiccants can adsorb up 
to 20% of their weight in water before this break- 
point is reached. In actual practice, however, most 
desiccant dryers are designed to adsorb 12 to 15% 
of their desiccant weight before the chamber is 
switched over to the regeneration cycle. By care- 
ful design, adequate purge rates, and proper re- 
generation temperatures, a consistent effluent dew- 
point can be obtained together with long desic- 
cant life. Excessive water loads or oil saturation, 
low purge rates, insufficient or excessive regenera- 
tion temperatures will reduce the desiccant adsorp- 
tive capacity and hinder proper operation. 


Reactivating the Desiccant 

In a conventional heat-reactivated desiccant 
dryer, air or gas flows through the desiccant 
chamber until the water vapor adsorbed by the 
desiccant reaches equilibrium with the water vapor 
in the air stream. At that time the flow of air or 
gas is switched to a second chamber of the desic- 
cant dryer; the first chamber then is reactivated— 
that is, it is heated to drive off the water vapor. 
After reactivation the desiccant is cooled and the 
chamber again is ready to adsorb water vapor 
from the air or gas stream. Note that temperature 
controls the reactivation of the desiccant. 

In heatless reactivation, on the other hand, the 
pressure of the air or gas over the desiccant is 
changed so that the desiccant gives up its water 
to the purge air. 

The principle used is the simple one that re- 
lates the pressure of a gas and the vapor pressure 
of its entrained water. If the pressure of a gas is 
halved, its water vapor pressure also is halved, 
assuming isothermal conditions. If 60-psig air has 
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FIG. 1. DURING FIRST 
cycle of operation, wet 
air is at 60 psia and has 
water vapor at a pressure 
of 16mm Hg; reducing 
this pressure to I5 psia 
causes the water vapor 
pressure to be reduced to 
4-mm Hg. 


FIG. 2. DURING 2ND 
cycle, the 60-psia air is 
dried to a water vapor 
pressure of 4-mm Hg, and 
reducing the pressure re- 
duces the water vapor 
pressure to I-mm Hg in 
the reactivating tank. 


FIG. 3. DURING 3RD 
cycle the 60 psia air is 
dried to |-mm Hg vapor 
pressure, and the |5-psia 
tank has a vapor pressure 
of '/4-mm Hg. 


FIG. 4. AFTER repeated 
cycles both beds are su- 
per dry. 











a water-vapor pressure of 16-mm Hg and if its pres- 
sure is reduced to 15 psia, then the vapor pressure 
of its entrained water will be reduced to 4-mm Hg. 

By successive changes in pressure, a desiccant in 
contact with air having a water vapor pressure of 
16-mm Hg can be dried as follows: 

60 psia, 16 mm Hg > 15 psia, 4 mm Hg. 

60 psia, 4 mm Hg > 15 psia, 1 mm Hg. 

60 psia, 1 mm Hg > 15 psia, % mm Hg. 

60 psia 4 mm Hg — 15 psia, 1/-6 mm Hg, etc. 


Let us consider air at 60 psia, with a water- 
vapor pressure of 16-mm Hg, flowing at a con- 
stant rate through a chamber of desiccant (Fig. 1). 
The vapor pressure of the water held by the desic- 
cant will increase until it comes to equilibrium 
with the vapor pressure of the water in the air 
flowing over it (16 mm Hg). However, when the 
60-psia air is reduced in pressure to 15 psia, the 
partial pressure of the water in the air drops to 
4-mm Hg. Now the vapor pressure of the water in 
the desiccant in the right-hand unit will reach 
equilibrium with the water vapor in the air (4-mm 
Hg). After two minutes, let us say, all the desic- 
cant in the right-hand unit has desorbed water to 
reach equilibrium at a vapor pressure of 4-mm Hg. 

After two minutes the flow is reversed (Fig. 2); 
now the right-hand chamber receives the wet air 
at 60 psia with a water vapor pressure of 16-mm 
Hg. The desiccant adsorbs water until the water 
vapor pressure of the air is 4-mm Hg. This forces 
the 4-mm front toward the effluent end of the 
chamber. A portion of the emerging air goes 
through the orifice into the left-hand chamber, 
which is now at 15 psia. The purge water vapor 
pressure now is reduced to l-mm Hg. 

In the third cycle the left-hand chamber dries 
the 60-psia air to l-mm Hg. The right-hand 15- 
psia chamber now has a water vapor pressure 
which is reduced to 4-mm Hg. This relationship 
continues each time the flow of air or gas is 
switched from one chamber to the other. Note that 
the greater the ratio between line pressure and 
purge pressure, the quicker a low-dewpoint effluent 
is obtained. 

This sequence soon obtains a degree of dryness 
far below that which is obtainable with heat-re- 
activated dryers. The ultimate dryness that is ob- 
tainable with this process is beyond any present 
known means of measurement with commercially- 
available dewpoint equipment. Standard equip- 
ment operating in the field has had the effluent 
air exposed in several cases to a temperature 
of —200°F, without any sign of moisture in the 
effluent stream. 


Oil Carryover 


Oil carryover from a compressor can cause serious 
problems in many applications. Liquid oil can be 
effectively removed by mechanical separators or 
scrubbers, and oil vapors by desiccant-type prefil- 
ters employing activated alumina, etc. Until re- 
cently it has been thought that most of the oil de- 


posted in downstream piping or equipment was 
caused by oil vapors which were not trapped out. 
It has been established recently that in many in- 
stallations these oil deposits are caused by oil mist 
or fog in aerosol form. This mist, which is believed 
to consist of a film of oil surrounding a bubble of 
air, cannot be trapped out or adsorbed by desic- 
cants. To date, no effective means has been found 
to remove or coalesce this mist, although intensive 
research programs may soon solve this difficult 
problem. 

If the process must be free of oil contamination, 
the only positive way to provide oil-free air is to 
utilize a non-lubricated compressor. Recent de- 
velopments in the use of Teflon rings in non-lubri- 
cated compressors have greatly increased their re- 
liability and service life. 


Drying Economics 


The operating efficiency of the heatless versus 
heat-reactivated method can be found by calculat- 
ing the cost of the purge air as compared to power 
or steam requirements. However, there are other 
advantages with this new process which must be 
considered to obtain a true total cost of dry in- 
strument air. 

Of major importance to the instrument man is 
the basic simplicity of the dryer itself. Equipment 
is reduced to simple valving and desiccant cham- 
bers, eliminating many components required on 
heat-reactivated equipment. 

Air temperature fluctuations do not affect dryer 
size if the heatless method of reactivation is used. 
It is a good rule of thumb to say that the amount 
of water present in compressed air doubles with 
every increase of 20 F°, provided the pressure re- 
mains constant. Therefore a heat-reactivated dryer 
must have twice as much desiccant to dry a given 
flow of air at 100°F than if the air is at 80°F. 
However, the heatless method does not require 
additional desiccant, and the same dryer size is 
applicable at 80°F, 100°F, or 120°F. A militarized 
design using heatless reactivation was tested under 
Navy MIL-T5522, and provided dewpoints under 
—100°F while drying air at temperatures ranging 
from —65°F to +-140°F. 

Many instrument air systems have corrosive com- 
pounds present due to the nature of the plant or 
its location. When exposed to the temperature re- 
quired for heat-reactivated dryers, these com- 
pounds may form corrosive condensates, which 
create maintenance problems. This is not the case 
when the heatless principle of reactivation is used. 

Hydrocarbon vapors also hamper _heat-reacti- 
vated dryers as the vapor is carbonized by the heat, 
thereby clogging the pores of the desiccant. Heat- 
less reactivation rejects this vapor, and should an 
oil aerosol pass through the heatless dryer, it will 
still provide low dewpoints. 

The above features, added to low initial cost, 
make this method of desiccant drying compare 
favorably to the heat-reactivated method in at 
least 80% of instrument air installations. 
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PRESS LIGHTLY. Lower stylus pressures can be used 
when writing on TIMEMARK electrosensitive record- 
ing papers, permitting higher writing speeds for many 
recording applications. Reduced stylus pressure re- 
quirement and reduced voltage requirement are char- 
acteristic of this new addition to the Westrex line of 
electrosensitive recording papers. Other notable fea- 
tures are a new white top and smooth surface. TIME- 
MARK is a through-conductive (resistance coupling) 
paper grounded on the underside. Dry, and unaffected 
by radiation, light, or variations in humidity and tem- 
perature. Makes clear, dry, legible, and permanent 
copies of messages, maps, charts, and instrumenta- 
tion data. And like all Westrex recording papers, 





WESTREX TIMEMARK® 
ELECTROSENSITIVE PAPERS 
FOR FACSIMILE, CHART, 
AND DATA RECORDERS 


TIMEMARK is ready to use—no special handling or 
conditioning either before or after use. 

TIMEMARK can be used with DC or AC. Marking po- 
tential 70 to 500 volts. For single and multi-stylus 
and fixed or oscillating pen recorders. Tungsten or 
steel stylus with contact pressure of 3 to 10 grams. 
Marking speeds to 700 ips. Power for maximum den- 
sity trace from less than a watt at low voltage and 
low speed to 7 to 10 watts at higher speeds. Tonal 
response of about 10 shades, from white to black. 
TIMEMARK is made by Westrex, the world’s largest 
developer and manufacturer of facsimile communi- 
cations equipment and accessories. Write for avail- 
able literature on new TIMEMARK and other Westrex 
recording papers. 


Westrex Company 


A DIVISION OF LITTON SYSTEMS, INC. [8 
540 West 58th St., New York 19, New York 
CIRCLE 75 ON READER-SERVICE CARD 
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HYDRAULIC VALVE ACTUATORS SAVE HALF-MILLION DOLLARS 


G. G. GALLAGHER, C. L. GRIESBAUM*, R. D. FOSTER 


The Fluor Corporation, Ltd. 


One third of the $1.5-million cost for instrumenta- 
tion for a butadiene plant was saved by using hy- 
draulic actuation of large (3” to 30”) gate valves. 
Reactor is controlled by time control of a sequence 
of operations. Actuator power is up to 25 hp. 


saved recently in the design of the reactor con- 

trol system of a butadiene plant. This represents 
one-third of the total instrumentation cost for the 
plant. The significant saving was achieved by pro- 
viding hydraulic power rather than electric power to 
control the sequential operation of large gate valves 
which switch fixed-bed catalytic reactors from the re- 
action cycle to the regeneration cycle. 

In the past, valve operation usually has been by 
direct-connected electric motors. Since each valve re- 
quired its own individually mounted electric motor, 
the total installed horsepower required was approxi- 
mately twenty times the average horsepower. In the 
search for a more flexible and economical control sys- 
tem, hydraulic power was investigated. This simpli- 
fied operation of the system because only one small 
(30-horsepower) electric motor was required at a 
central power unit, and the valves were operated by 
small hydraulic cylinders. 

This was the first application of a hydraulic sys- 


PPROXIMATELY one-half million dollars were 





Wed., Nov. 15, 1961—Rio Hondo Country Club, 10627 
South Old River Rd., Downey, Calif. 

Subject: “An Engineer Looks Behind the Iron 
Curtain.” 

Speaker: Mr. Harry E. Burke, Vice President, Gen- 
eral Manager, Consolidated Systems Corporation 
(ISA’s_ representative in Hungary at Budapest 
MIKO Conference and Moscow Conference). 











tem to such a process and is one of the largest in- 
dustrial applications of hydraulic power for a con- 
tinuous operating control system. 

The hydraulic system, designed and installed by 
The Fluor Corporation, Ltd., is in operation at the 
Texas Butadiene and Chemical Corporation at Hous- 
ton, Texas. A similar installation, by Fluor, is in opera- 
tion at the Odessa Butadiene Company in Odessa, 
Texas, and represents a proportional saving. This basic 
design has been followed by others; there are now four 
butadiene plants in operation with hydraulic control 
of the reactors. 


System Description 


The installation at Texas Butadiene and Chemical 
Corporation has two parallel dehydrogenation units 
which catalytically convert n-butane to butadiene and 
butylenes (Fig. 1). Each unit consists of seven fixed- 
bed catalytic reactors with its own central hydraulic 
control system. The installation at Odessa Butadiene 
Company is identical to the two Texas Butadiene and 


*Formerly of The Fluor Corporation, Ltd. 


Presented at Texas A. & M. Fourteenth Annual Sym- 
posium on Instrumentation for the Process Industries, 
conducted by the Department of Chemical Engineering 
of the Agricultural and Mechanical College of Texas 
College Station, Texas. 
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FIG. 1. TWO PARALLEL dehydrogenation units operated by central hydraulic control systems. 


Chemical Corporation Units except that it has eight 
reactors. This discussion of the hydraulic system com- 
ponents is limited to one of the two units at Texas 
Butadiene and Chemical Corporation. 

The process operates on a sequential cycle which 
consists of onstream steam purge, catalyst regenera- 
tion, gas purge and evacuation time intervals. This se- 
quence is controlled by a 900-point master electric 
cycle timer (Fig. 2) which has a twenty-one minute 
cycle. The timer initiates signals to four-way solenoid- 
operated valves, which direct hydraulic oil from the 
central hydraulic system to either the opening or 
closing side of hydraulic piston operators mounted on 
the gate valves. Each reactor has seven of these gate 
valves ranging from 3” to 30” in size, making a total 
of forty-nine valves (ninety-eight for both units.) Fig. 
3 shows a closeup of a few reactors and gate valves. 

Each valve must fully stroke in five seconds, but 
opens and closes only once every twenty-one minutes. 
The maximum instantaneous power requirement is ap- 
proximately 25 horsepower. In the all-electric system, 
an individua) electric motor operator is mounted on 
each valve, adding up to some 500 horsepower avail- 
able, but most of which is idle at any instant. In the 
hydraulic system, with the aid of hydraulic accumula- 
tors to provide additional capacity when it is needed, 
only 30 horsepower is required. 

For complete safety of operation, an independent 
test circuit and interlock system prevents any valve 
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from stroking unless all other valves on that reactor 
are in the predetermined safe operating position for 
that particular phase of the process cycle. 


Power Unit 

The hydraulic power supply unit (Fig. 4) is a con- 
tinuous circulating system that provides the power 
necessary to operate the gate valves when signalled 
from the cycle timer. The process cycle inherently 
causes intermittent high and low demands for hy- 
draulic capacity since at some times two 30” valves 
must operate simultaneously; at other times only one 
3” valve must operate. It is recognized that a 30” 
valve operator demands considerably more oil flow 
than a 3” valve operator, Hydraulic accumulators 
pressurized with nitrogen are provided to give the 
extra hydraulic capacity required for peak demand 
periods. This permits the use of smaller hydraulic 
pumps. During peak demands the pumps recharge the 
accumulators. 

The hydraulic power unit shown in Fig. 4 consists 
of a 200-gallon nominal capacity reservoir, two nor- 
mally operating 16.5-gpm 15-horsepower electric- 
motor-driven vane-type pumps operating at 1,000-psig 
discharge pressure, all packaged as a single unit. The 
system also includes ten 10-gallon hydraulic accumula- 
tors, and the required pressure control valves, flow 
control valves, manual valves and solenoid operated 
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valves all integrally mounted on a hydraulic operating 
panel. 

The most important rule in a hydraulic system is to 
“keep it clean.” Dirt is the cause of 90% of hydraulic 
component failures. Therefore, a suction filter is sup- 
plied on each pump. An individual filter is supplied in 
the line to each gate valve, and parallel filters are 
used on the return oil line. These filters are arranged 
so that each may be blocked out of service and cleaned 
without shutting down the unit. The entire hydraulic 
system is designed for one year of continuous opera- 
tion. 


Operating Procedure 

Fig. 4 shows a typical schematic arrangement of the 
hydraulic system components. The following operat- 
ing procedure to open a reactor product outlet valve 
is typical for all valves: A rotating sweep arm on the 
cycle timer momentarily closes an electric contact to 
energize the “open” solenoid of the four-way valve. 
The four-way valve directs hydraulic oil to the open- 
ing side of the piston operator on the product outlet 
valve. When the valve piston begins to move, oil on 
the opposite side of the piston is forced through the re- 
turn line back to the reservoir. 

A pressure-compensated flow-control valve located 
in the oil return line controls the valve opening and 
closing speeds. This can be adjusted to meet the al- 
lotted time for each valve movement as dictated by 


FIG. 2. CYCLE TIMER 


control panel. 


FIG. 3. REACTORS 


and gate valves. 


the cycle timer. The flow controller for a 30” valve 
can control stroking times between four or five seconds 
and several minutes. 

This timing is critical. If a valve does not stroke in 
its allotted time, the interlock system stops the cycle 
timer. If a valve strokes considerably faster than the 
allotted time, wear on the moving parts is increased. 

In order to avoid “seat jamming” a valve, a pressure- 
reducing valve controls the oil supply to the closing 
side of the piston operator at a lower pressure than 
the supply to the opening side. 

A four-way bypass valve is provided to manually 
operate each gate valve in event of failure of the sole- 
noid-operated four-way valve. 

As indicated in Fig. 4, the gate-valve cylinder has a 
hydraulic cushion on each end of the cylinder to slow 
up or brake the valve movement during the last por- 
tion of its travel. This is an additional safety feature 
to prevent slamming of the valve, 

The hydraulic circuit equipment, consisting of the 
four-way valves, filters, flow controllers, pressure con- 
trollers, manual bypass valves and accumulators, was 
prefabricated on individual panels. These were later 
mounted on the reactor structure forty feet above 
grade, 


Hydraulic Fluid 


The hydraulic fluid used in the system serves both 
as a power medium and lubrication for moving parts. 
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One of the most critical items in the design of a sys- 
tem of this type is to provide a clean, air-free fluid 
with the right viscosity characteristics. 

The hydraulic fluid must be chosen carefully. For 
outdoor installations, the summer and winter ambient 
temperatures must be investigated before specifying 
the viscosity of the fluid. The viscosity must not 
change greatly from winter to summer temperature 
extremes. If this temperature difference is large, pro- 
vision must be made for cooling the return fluid in the 
summer and heating it in the winter. Consideration 
must be given to the narrow viscosity ranges for which 
pumps and other components are designed. 

The hydraulic hardware (flow-control valves, pres- 
sure control valves, and four-way valves) is designed 
so that to operate properly it must continually bleed 
or leak a small amount of hydraulic fluid from the 
valve pilots to the reservoir. This amount of leakage 
must be taken into consideration when calculating the 
pump capacity. If the hydraulic fluid viscosity is too 
low, excessive pilot leakage develops, possibly re- 
sulting in insufficient pumping capacity. If the vis- 
cosity is too high, the system becomes sluggish and 
excessive pressure drops occur, which can slow up 
stroking times enough to shut down the process unit. 

If the hydraulic fluid is not heated, it should have 
a pour point 20° or 30°F below the lowest expected 
winter temperature. It should include rust and oxidiz- 
ing inhibitors, anti-foam inhibitors and should have 
good lubricating characteristics. Recent developments 
_ have been made in synthetic lubricants and fire-re- 

sistant hydraulic fluids which should be considered 
where fire-resistance is a design factor. However, 
these “hydrolube” type fluids are expensive. Since ap- 
proximately 2,000 gallons of hydraulic fluid is re- 
quired to fill and operate the system, the cost of the 
fluid is an important consideration. The highest quality 
fluid will usually pay dividends in less maintenance 
and improved performance. 


Operating and Maintenance Problems 

Twenty-eight of the forty-nine gate valves are lo- 
cated above the reactors and the remaining twenty- 
one are at grade sixty feet below. It was necessary to 
chemically clean and flush out the several miles of 
hydraulic piping betore filling the system with oil. A 
high velocity of flushing is recommended to com- 
pletely clean out all bends and low spots where dirt 
is likely to lodge. 

During start-up, extreme care must be taken to vent 
all air from the system to avoid erratic operation, such 
as valve slamming and irregular stroking times. 

Despite all precautions, it is difficult to keep dirt 
and scale out of the piping system during the con- 
struction stages. This foreign material must be flushed 
out and, therefore, drain connections must be located 
at the low points. 

In addition, every valve cylinder operator should be 
mounted so that it can be vented and drained at its 
respective high and low points. Otherwise anything 
trapped in a cylinder is likely to remain there. 

Due to the long piping runs to the reactor valves 
located at grade, the fluid in these lines is never dis- 
placed enough to carry it out into the return system 
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FIG. 4. HYDRAULIC operating system. 


and back to the reservoir; therefore, in colder climates, 
these lines must be heated by some means to keep 
fluid viscosity at the optimum value. — 

A.drip pan or gutter at the bottom of each hydraulic 
panel is a convenience because every time a com- 
ponent is removed for cleaning or servicing, some 
fluid runs out of the piping. 

Hydraulic piping must be supported adequately to 
minimize line vibration caused by hydraulic shock re- 
sulting from sudden shifting of the gate valves. 


Conclusions and Recommendations 


Applications of a hydraulic system for a sequential 
cycling process, where the average hydraulic fluid 
flow is low and peak demands are high, can represent 
a substantial initial cost-saving over an all-electrical 
system. The maintenance costs are much less for the 
hydraulic systems now in operation than for an all- 
electric system. Routine maintenance costs are ap- 
proximately one-quarter of those for an electric sys- 
tem. Down-time maintenance costs are approximately 
one-half those of an electric system. 

The hydraulic-fluid specifications must be chosen 
with climatic conditions in mind. Inherent hydraulic 
equipment leakage requirements must be considered 
when determining the pumping capacity. Caution must 
be taken to keep the system clean during installation 
and operation. Locations for venting and draining of 
the system must be chosen wisely. Pump capacity, 
valve capacity and leakages, and pressure drops should 
be tested as nearly as possible under actual operating 
conditions at the manufacturer's shop. These precau- 
tions will result in an economical and dependable hy- 
draulic control system. 





HERE’S ECONOMICAL, SIMPLE ANALOG/ DIGITAL 
CONVERSION for accurate systems measurements 
DYMEC 
VOLTAGE - 
TO-FREQUENCY 
CONVERTERS— { 


building-block instruments for 
high-accuracy voltage measurement, 
independent of noise or hum 


Dymec Models 2210 and 2211A/B Voltage-to-Frequency Converters average out 
noise and hum to obtain high-accuracy voltage measurement. This is especially 
advantageous in systems applications. You get higher useful measurement 
accuracies than with other conversion techniques. 


Models 2210 and 2211A/B convert an input dc voltage to a proportional frequency 
of constant amplitude which is applied to a gated electronic counter to produce 
a direct digital reading of the input analog voltage. With a longer counter gate 
time you also can obtain the integral of the input voltage. The DY 5207-1 Converter 
permits similar measurement of ac input voltages and is programmable 

for both dc and ac voltage measurements. 

In addition to flexible systems use, especially effective in the presence of 

ac input interference, the Dymec Converter/Counter combination provides 

an inexpensive digital voltmeter for lab or factory. 

Models 2210 and 2211A provide four-digit resolution when used with a 1 second 
counter gate or three-digit resolution with a 0.1 second gate. Model 2211B 
provides up to 5 digits of resolution. 





Here are brief specifications of Dymec Voltage/ Frequency Converters. Call your Dymec/ Hewlett-Packard 
representative or contact Dymec direct for detailed data sheet and application information. 





Dymec 2210/2210R Dymec 2211AR/BR Dymec 5207-1 





rms, 20 to 
+100 100,000 cps 


+1000 


Ranges: +1 +1 5 r & 
+ AC volts, 


(VDC, +, full scale) +10 +1 { + 
« 





Output Frequency: 2211AR, 0-10 KC 
2211BR, 0-100 KC 





Accuracy:** 2211AR, +0.02% 
2211BR, +0.03% +0.5%, 50-10,000 cps 
+0.75%, 20-100,000 cps 





Stability:*** +0.03% +0.02% +0.03% dc 





Price: DY 2210, $660.00 (cabinet) $1,250.00 (rack) $1,850.00 (rack) 
DY 2210R, $650.00 (rack) 




















*Available at extra cost. **Accuracy includes stability, is given in per cent of full scale and is affected by frequency and accuracy of calibra- 
tion, line voltage variations, temperature changes and accuracy of multi-range input attenuators. Figures given are those attained under 
normal operating conditions. ***Given as per cent of full scale per 24-hour day. 


Data subject to change without notice. Prices f.o.b. factory. 


DYN EC kr 


A Division of Hewlett-Packard Company 


Dept. S-10, 395 Page Mill Road, Palo Alto, California * DAvenport 6-1755 (Area Code 415) TWX-117-U 
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T. STICKNEY 


A. ANDERSON 


Mr. Anderson and Mr. Stickney have crossed paths 
often during their professional years. Mr. Anderson be- 
gan employment as a physicist at the Naval Ordnance 
Test Station, China Lake, California, a few years after 
Mr. Stickney started his career as an instrumentation en- 
gineer at the NACA, now NASA, in Cleveland, Ohio, in 
1948. Mr. Anderson joined NACA, Cleveland, in 1954. 
Both left government service for private industry in 
1956—Mr. Anderson to Cook Research Laboratory and 
Mr. Stickney to Aero Research Instrument Company in 
Chicago. Mr. Anderson joined the latter company in 
1958. Since June 1960, both men have been serving as 
senior engineers at Cook Research Laboratories, Mor- 
ton Grove, Illinois. 


Ceramic Resistance Thermometers as 
Temperature Sensors Above 2200°R 


A. R. ANDERSON and T. M. STICKNEY 


Cook Research Laboratories 
Cook Electric Company 


materials as temperature sensing elements at high 
temperatures in oxidizing atmospheres. This research 


A Bove vitrified metallic oxide ceramics (zir- 


conia, alumina, magnesia, and beryllia) are elec- 


trical insulators, the resistance between two points 
within the insulator decreases with increasing tem- 
perature. This decrease of resistance with tempera- 
ture is similar to that of the conventional thermistor. 

The application of vitrified ceramics as thermistor 
type sensor in the measurement of high tempera- 
ture has been a subject of interest to investigators 
for approximately 40 years.’:2:3 In 1960, the Cook 
Research Laboratories of the Cook Electric Company 
began independent research on the use of ceramic 
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has been fruitful. 

Recently published texts and technical articles in 
the field of solid-state physics*:® introduce Fermi- 
Dirac statistics to show the probable density of 
charge carriers in solids as a function of temperature. 
The conductivity, or resistivity, of a metallic con- 
ductor also depends on the mobility of its charge car- 


: ‘Abstracted from a paper presented at Fourth Symposi- 
um on Temperature—Its Measurement and Control in 
Science and Industry—Columbus, Ohio, March, 1961. 





Vitrified ceramic oxides can be used as resist- 
ance thermometers above 2200°R. Aluminas of 
various purity have been investigated, as were 
zirconia, magnesia, and beryllia. Calibration of 
60% alumina at temperatures from 2200 to 
3300°R has shown a repeatable resistance-temper- 
ature characteristic which has not varied by more 
than +0.57% from the mean curve after repeated 
calibrations covering a period of time exceeding 
1000 hours. Similar results were found with 99% 
alumina. It is proposed that vitrified ceramic re- 
sistance elements be considered as temperature 
sensors for use above 2200°R. 


riers. Ceramic insulators at high temperatures, how- 
ever, closely approach the characteristics of intrinsic 
semiconductors for which mobility effects are minor. 
Theory predicts that for an intrinsic semiconductor, 
the logarithm of the resistivity versus the reciprocal 
of absolute temperature yields a straight line, show- 
ing resistivity decreasing with increasing tempera- 
ture. Absolute temperature units used herein are de- 
grees Rankine (°F + 460). 


Experimental Apparatus 


The experimental work was conducted in a furnace 
(Fig. 1). The heating element is a silicon carbide 
tube with the test probe shown installed within the 
tube. Temperatures were measured independently 
with both an optical pyrometer (as shown) and a 
reference-grade platinum-10% rhodium/platinum ther- 
mocouple installed within the test probe. The pre- 
ponderance of data showed agreement between py- 
rometer and thermocouple within 0.50%. 


Temperature gradients along the furnace length 


PYRISTOR® ceramic resistance temperature sensor. 


were measured and are shown in the lower portion 
of Fig. 1. The temperature profile within the center 
12” of the furnace length was flat within 0.50% of 
center element temperature, the ends of the furnace 
tube exhibiting the typical temperature decay for 
furnaces of this type. The test probe was inserted in 
the furnace such that the sensor (within the probe) 
was at the center of this flat profile, the sensor tube 
itself being subjected to this flat profile for a length of 
19 diameters in the direction of the cold end of the 
probe. 


Fig. 2 shows the internal details of the temperature 
probe, including the ceramic protection tube enclos- 
ing the active sensor and the thermocouple housing. 
One lead wire is carried through the internal bore of 
the sensor tube to the cold end of the probe. The 
other lead wire is brought from the sensor, across an 
end support piece to another ceramic tube, and is 


returned through the internal bore of the second tube. 





MA Ws CL a 
UMM MALL 
WU YUU YL | 

| UA” iasaliteactiites UUM 
| I 2mm ain) ipo 
i, 
t/ 


i UT De 
WW UL UL Ma \ | 
t 


MM 





INCHES 
6 12 8 40 4 8 2 6 





ACTIVE SENSOR 


CERAMIC HOUSING 


LEAD WIRES 


for} 2. SENSOR internal details. (Patent applied 
or. 











October 1961—Jnstruments & Control Systems—Page 1865 





The ceramic oxides investigated as sensors were 
primarily aluminas of varying percentages of purity. 
Zirconia, magnesia and beryllia, tested on a limited 
basis to obtain a better understanding of their elec- 
trical characteristics, will be investigated further. 

Two readout circuits were used in the testing of the 
ceramic sensors (Fig. 3). Much of the data was taken 
with a 1000-cps ac impedance bridge (Electro Scien- 
tific Industries, Model 250 DA) in circuit A. Data 
were also taken with a bridge and rectifier circuit 
(designed in our laboratories), the output of which 
was fed into either an oscillograph (Consolidated 
Electrodynamic Type S-119) or a null-balance po- 
tentiometer (Leeds and Northrup Cat. 8686), as 
shown in circuit B. This latter circuitry also was used 
to investigate the effect of a varying input alternat- 
ing-current frequency. 


Problem Areas 


A major problem has been that of lead attachment. 
There are basically three methods which can be em- 
ployed to attach leads to ceramic oxides. From avail- 
able literature, it was found that much work has been 
done using pastes or cements? **, Another bonding 
method is that of the semiconductor industry, using 
such techniques as moly-manganese or electro-less 
processes. 

A third method is that of mechanically tying the 
leads to the ceramic. In the past this method relied 
partly upon cements to hold the leads in place and 
thus were subject to the problems of the first method 
discussed. A way to negate this is to drill holes trans- 
versely to the axis of the sensor and perform a me- 
chanical loop-and-tie arrangement to secure the wire 
to the sensor. This method was successfully employed 
in our probe (Fig. 2). 


AC or DC? 


Another problem area is the use of alternating or 
direct current. This has been the subject of much 
previous investigation® * * 7, The generally-accepted 
conclusion is that the use of direct current causes 
polarization of the ceramic. Consequently, the meas- 
ured resistance increases with time of applied volt- 
age, even if the current flowing is of the order of a 
few microamperes. 

If alternating current is used, the effects of capaci- 
tance must be considered. This introduces another 
problem area—the effects of frequency on resistance 
of the ceramic.’ Experiments were conducted at sever- 
al frequencies from 20 to 1600 cps, at three tempera- 
tures. These data are shown in Fig. 4. 

Resistance readings at 1000 cps are assumed to be 
the base resistances for comparative purposes. It is 
seen that the resistance is approximately 0.75% higher 
at 400 cps than at 1000 cps, whereas at 60 cps the re- 
sistance is approximately 5% higher. There appears 
to be no significant effect of temperature in the range 
investigated. 


Shunting Effect of Air 


Another problem area which weighed heavily in the 
design of the test probe is that of the electrical con- 
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ductance of air at elevated temperatures.*: ** As the 
temperature sensor is a resistance element, the. air 
surrounding the lead wires can act as a shunt, leading 
to resistance readings lower than that of the ceramic 
itself. As limited data exists on the electrical conduc- 
tance of air, tests were conducted to determine the 
proper spacing of the component parts. 


Calibration Data 

Using the probe design of Fig. 2, tests were con- 
ducted to determine the repeatability of calibration 
of 60% alumina sensors. The probe was subjected to 
repeated calibration cycles between 2200° and 3300°R, 
for 1000 hours (Fig. 5), the probe being subjected to 
2200°R ambient temperatures between calibrations. 
Fig. 5 shows the band within which all the data were 
obtained. The resistance-temperature characteristic 
did not vary more than +0.57% of the mean tempera- 
ture curve over this period of time. The + 0.57% maxi- 
mum deviation includes the following variables: 

1. Variations of sensor resistance at one temperature 

2. Error in readout of the bridge circuitry 

3. Errors associated with the platinum-rhodium/ 

platinum thermocouple 

4. Error in potentiometer readout of the thermo- 

couple 

Knowing the error potential of the last three vari- 
ables listed above, as well as the maximum over-all 
variation, it is calculated that the maximum variation 
in resistance attributable to the sensor at a specific 
temperature is approximately +0.30%. In this figure 
is also seen the sensitivity of the ceramic sensor, hav- 
ing a change of resistance of 2.4 ohms per degree R 
at 3000°R. This amounts to 1.3% resistance change in 
ten Rankine degrees. 

The last 200 hours of this calibration were con- 
ducted with the Cook-designed bridge circuitry (Cir- 
cuit B of Fig. 3) employing 60-cps input frequency. 
When the 60-cps data were corrected for the fre- 
quency shift from 1000 cps, these data also plotted 
within the band shown in Fig. 5. 


Sensor Reproducibility 

Reproducibility of calibration from one probe to 
another then was investigated. Additional sensor rods 
were purchased, the time between purchases of the 
first and second sets being approximately four months. 
This time period precluded the material being from 
the same batch by the manufacturer. 

The results of tests conducted on two additional 
probes are shown in Fig. 7, the data being plotted 
with the band of the original sensor as shown. Figs. 
5 and 7 show that vitrified ceramic oxides are not 
only repeatable but reproducible. 

Tests also were conducted on high-purity alumina. 
The use of high-purity materials imposes more severe 
problems on probe design due to increased possibility 
of contamination of the ceramic oxide, with conse- 
quent calibration shift. Another problem with the 
high-purity materials is their increased resistivity. 
This predicated a much reduced length between the 
lead wires. Two alumina sensors were subjected to 
limited testing (Fig. 6). The same variables existed 
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in the circuitry as discussed previously. It was cal- 
culated that the variation in resistance attributable 
to the sensor is of the same magnitude as that of the 
60% alumina—namely, +0.30%. Note the extreme sensi- 
tivity of high-purity alumina, which at 3200°R is 170 
ohms per degree Rankine out of 15,000 ohms. This is 
equivalent to 1.13% change in resistance per degree 
Rankine. The reproducibility band between the two 
sensors was 0.95% maximum in the mid-temperature 
range. 

Therefore, it is seen that the extremes of purity of 
alumina appear to be repeatable and reproducible as 
temperature sensors. Further investigation on inter- 
mediate percentages of purity of alumina is aimed 
toward reducing the problems of contamination and 
high resistance. It is believed that intermediate per- 
centages of alumina concentrate will exhibit repeat- 
ability and reproducibility of +0.30% and +0.75%, re- 
spectively. 


Higher Temperatures 

Concerning the extension of this work to higher 
temperatures, the major problem area here is the 
shunting effect of air. In Fig. 8 it is seen that the re- 
sistivity of beryllia coincides with the air gap resist- 
ance up to 3300°R, the resistance of air then decreas- 
ing at a lesser rate. A similar, but not as severe a prob- 
lem exists with magnesia. However, by alloying these 
materials with lower resistivity oxides, it is believed 
that temperature sensors to 4400°R are possible. 


Applications 


Resistance-temperature sensors embodying the basic 
concepts discussed above have many advantages over 
thermocouples. First, being resistance elements, they 
require no cold-junction compensation. Secondly, this 
type of sensor exhibits extremely high sensitivity, 


much higher than comparable metallic resistance ele- 
ments, Thirdly, the repeatability and reproducibility 
of these sensors are equivalent to thermocouples of this 
temperature range, but are not plagued with shift in 
calibration over extended use. 

Sensors of this type, such as shown at the beginning 
of this article, have ready usage in industrial tempera- 
ture measurement and control applications in the 2200 
to 3300° R range. As the temperature probe is all- 
ceramic, no special adjustments, cleaning, or auxiliary 
equipment (such as air or water-cooling) is required. 
The probe has been designed to withstand heavy in- 
dustry environments. 
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TWO-TEMPERATURE HOT-WATER SYSTEM USES WATER-MIX VALVE 


Where hot water is required at two temperature 
levels (such as 180°F for laundry or process use and 
a lower level for general use). the system shown satis- 
fies the need. 

The equipment consists of two temperature control- 
lers and control valves. One valve controls the steam 
supply to the water heater. It receives a modulating 
air pressure signal from a pneumatic temperature 
controller having a gas filled bulb in the storage tank 
to sense the water temperature. The valve is single- 
seated for tight shut-off. This instrument controls the 
temperature of the high temperature water. 

After leaving the water heater, the high temperature 
water is divided into two branches. One is the high- 
temperature supply; the other one goes through a wa- 
ter-mix valve where it mixes with cold water. A gas 
filled bulb in the output line from the mix valve 
senses temperature in this line and an air pressure 
signal from the second controller modulates the wa- 
ter mix valve. 

Equipment used: Two temperature controllers, Se- 
ries 200, Flowrite characterized V-port control valve; 
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. . . provides a random access file of up to 495 
million bits with access to information in less than 
3/10 of a second. 


. may be operated with all standard general 
purpose digital computers, or as an independent storage, 
access and display system. 


The RD-900 Random Access Storage and Display 
System, consists of from | to 33 high density, magnetic, 
file drums, each with a storage capacity of 15 million 
bits. A Symbol Generator converts coded characters 








into a visual message as fast as they are read from the 
file. One Symbol Generator is used to drive any number 
of output display devices. These include 21” console 
displays and large screen projection displays . . . each 
capable of displaying up to 12,800 characters, symbols 
or a composite of both. In addition to alphanumeric 
characters the system can display arbitrary or abstract 
symbols, schematic or logical drawings, graphs, charts, 
and maps. Applications include military and industrial 
systems where information retrieval and display must 
be simultaneous for instant decision making. For a 
complete description and specifications write Dept. 101. 


LABORATORY FOR ELECTRONICS, INC. 
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Statham Instruments, Inc. 


THE “*DIMENSIONLESS”’ STRAIN-GAGE 


High accuracy, long-term stability, insensitivity to temperature effect, rugged- 
ness and lower cost result from a major advance in strain-gage design. “Dimen- 
sionless” design features a principle which eliminates many of the critical aspects 
of finite distances and dimensional stability in conventional gage configurations. 


tion of strain-gage transducers is drift caused 

by variations in temperature. This effect re- 
sults from (1) dimensional instability between the 
fixed and movable points in transducer structures, and 
(2) changes in resistance of the strain wire elements. 
The Statham “Dimensionless” principle cancels effects 
which occur along the axis of the unbonded strain 
wires in conventional gage designs. The design re- 
duces manufacturing costs because extensive tem- 
perature compensation is unnecessary. It also per- 
mits the relaxation of other manufacturing tolerances 
which formerly were critical. 

Referring to Fig. 2A, a length of strain-sensitive re- 
sistance wire is stretched between the moving point a 
and the fixed point b. When point a moves, the wire 
changes in length and a resistance change occurs, 
producing an electrical signal from the bridge circuit 
in which the wire is connected. 

There are several problems inherent in this conven- 
tional design. Point a must be restrained from mov- 
ing far enough to break the wire or exceed its limit of 
elasticity. The wire must have an initial tension care- 
fully controlled to give it exactly the correct operat- 
ing tension when it has been heated by the excitation 
current. This tension is subject to instability due to 
dimensional changes between points a and b, caused 
by variations in temperature. The basic source of 
trouble is the finite distance between points a and b. 
This source of trouble is eliminated in the “Dimen- 
sionless” strain-gage transducer. 


\ CRITICAL aspect in the design and applica- 


The new unbonded strain gage has been designated 
“Dimensionless” because the wire is not stretched be- 
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tween a moving and a fixed point. Instead, the moving 
and fixed points are located in close proximity and 
are effectively superimposed along the longitudinal 
axis of the strain wire elements. This is shown in Fig. 
2B. 

Point a is the moving point whose position is to be 
measured in relation to point b, which is fixed. Point 
c is free, but is rigidly attached to a load (m) which 
functions to keep the wires taut. Both strain wires are 
soldered at point c. When point a moves, the load 
(m) is transferred smoothly from one-half of the 
strain wire to the other, and the gage elements (ac) 
and (bc) change strain equally and oppositely, pro- 
ducing equal and opposite changes in resistance. Elec- 
trical connections are made at a, b, and c, so that the 
gage elements (ac) and (bc) operate in tension-com- 
pression. 

The sum of the forces in the two gage elements is a 
constant and is always equal to the force exerted by 
load (m). If the load (m) is slightly less than the 
elastic limit of a single strain wire, then the strain wire 
element is protected against damage in the event of 
over-travel of point a. 

Within the operating range of the gage, point c 
always moves exactly half as far as point a, until all 
the weight of load (m) has been transferred from 
one wire to the other. The value of load (m) merely 
controls how far point a will move before a complete 
transfer takes place. For practical design purposes, a 
constant-force spring is substituted for load (m) as 
shown in Fig. 2C. 

Fig. 2D shows how the “Dimensionless” principle 
is applied in the Statham P700 Series transducer (Fig. 
1). The four strain wires constitute the active legs of 





TRANSDUCER 


a bridge circuit, as shown in Fig. 3. Downward move- 
ment of the diaphragm reduces tension of legs (ac) 
and (a’c’). The forces involved are proportionally 
transferred, increasing the tensions of legs (bc) and 
(b’c’). 

Since points a, b, a’ and b’ are located in close prox- 
imity along the axis of the strain elements, and since 
points c and c’ are maintained at a constant tension 
which is independent of their distances from points 
a, b, a’ and b’, expansion and contraction of the 
transducer structure does not affect the stresses ap- 
plied to the strain wires. In addition, stress changes 
at points c and c’ tend to cancel out because the re- 
sulting changes in resistance are equally distributed 
in opposite legs of the bridge circuit. This latter effect 
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FIG. 2. EVOLUTION of "dimensionless" strain-gage 
transducer. As shown at B, wires ac and be are rigidly 
attached to the load (or spring) at point ¢. Hence, as 
ac stretches, be shortens. 
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FIG. 1. STATHAM Mode! P713 industrial transducer 


also balances out changes in the strain wire which may 
be caused by environmental temperature and self- 
heating produced by the excitation current. 


The P713 transducer is shown in Fig. 1. Specifica- 
tions of the P713 include: 
Ranges: from 0-5 to 0-5000 psig. 
Over-range limits: 300% to 100 psig 200% in ranges to 1500 psig; 
150% in ranges to 5000 psig. 
Output: 25 mv full scale with 5-v excitation and 350-ohm bridge. 
Non-linearity and Hysteresis: +0.25°% full scale. 
Thermal Zero Shift: Less than +0.01% full scale/°F from —65°F 
to +250°F. 
Thermal Coefficient of Sensitivity: +0.005%/°F from —65°F to 
+250°F. 
Resonant Frequency: 3500 cps. 
Vibration and Shock Sensitivity: Less than 0.03% full scale per q. 
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FIG. 3. BRIDGE circuit of Model P713. 
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HOW SHOULD YOU EVALUATE POTENTIOMETER ACCURACY? 


Accuracy in an instrument is more than a matter 
of how closely measured values correspond to true 
values. Some potentiometers, for example, may be 
capable of sky-high accuracy—but only under ideal 
laboratory conditions. Other potentiometers may 
deliver consistent high accuracy . . . higher than 
you actually need . . . with the penalty of excessive 
cost. 


A realistic evaluation of potentiometer accuracy, 
then, involves consideration of stability and repro- 
ducibility as well as stated limits of error. By these 
criteria, Rubicon potentiometers, galvanometers 
and bridges should be YOUR choice. 


By any measure, the new Rubicon 2746 port- 
able potentiometer is an outstanding instrument. 
Ranges 0O—1.601 and O—0.1601 volts. Limits of 
error are constant, realistic, usable: high range— 
30 microvolts or 0.03% of reading, whichever is 
larger. Low range—3 microvolts or 0.045% of 
reading, whichever is larger. Depend on it for 
consistent accuracy. Write for Specification Sheet 
RS-2746, for details. 


Rubicon accuracy stems from a long tradition of 
engineering excellence and a pride of craftsmanship 
that is not easily found these days. You can sense 
this about Rubicon instruments, even before you 
put them to work. And today the Rubicon tradition 
of the finest in measuring instruments is being per- 
petuated by both small refinements and major 
advances in design . . . to make the best even better. 
The complete line of Rubicon instruments is avail- 
able through any of the Honeywell branch offices 
across the nation. 


MINNEAPOLIS-HONEYWELL, Rubicon Instruments, 
Ridge Ave. at 35th Street, Philadelphia 32, Pa. 


Honeywell 


HONEYWELL INTERNATIONAL 
Sales and Service offices in all principal cities of the world. 


CIRCLE 78 ON READER-SERVICE CARD 
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FIG. 1. G. A. HORNBECK adjusts the 
focus of the high-speed ratio pyrometer. 


THREE-COLOR PYROMETER, capable of 

making 1000 temperature determinations every 

second, has been developed by G. A. Hornbeck 
of the National Bureau of Standards. The device will 
be especially useful in the measurement of rapidly- 
changing temperatures. Fig. 1 shows a prototype that 
can make 1000 individual temperature determinations 
per second in the temperature range 1000 to 3000°C 
with an uncertainty of about 1%. 

The instrument forms a spectrum of the radiation 
from the source, masks out all but the three required 
wavelengths, and presents these wavelengths to the 
detector sequentially. When operating at high speed, 
it is necessary to record the data with an oscilloscope, 
magnetic tape, or other high-speed recorder. 

Certain limitations inherent in one- and two-color 
pyrometers have been eliminated in this instrument. 
Brightness temperatures measured with one-color 
pyrometers can be converted to true temperatures only 
if the spectral emissivities of the materials being ob- 
served are known. To avoid dependence upon know!l- 
edge of absolute values of emissivity, two-color or 
ratio pyrometers have been used. A limitation is once 
again encountered—the emissivities at the two wave- 
lengths must be identical. Unfortunately, this is not 
always the case. When three wavelengths are used, 
true temperatures can be obtained if the emissivities 
are a linear function of the wavelengths selected. This 
criterion is generally true in the near-infrared region 
of the spectrum. 

In the instrument, radiation from the source of 


DETAIL X 


FIG. 2. OPTICAL SYSTEM of the high-speed three-color pyrometer. 


interest passes through an entrance slit (A in Fig. 2) 
and is rendered parallel by a collimating mirror (B). 
The beam then passes through a prism (C) and the 
resulting spectrum is brought in focus with a second 
mirror (D). The major feature of this optical system 
is a right-angle mirror (E, see detail X) placed in the 
vertical plane of the spectral image. As a result of re- 
flection from this mirror, the image is displaced verti- 
cally, and retraces its path back through the optical 
system. A mirror (H) placed near (to right of) the 
entrance slit reflects the returning beam to a radia- 
tion detector. A mask (F) is placed in the path of the 
beam coming from the right-angle mirror to pass the 
selected wavelengths. A rotating slotted chopper (G) 
produces a sequential exposure to the detector tube. 

Because the sensitivity of most fast radiation de- 
tectors is wavelength dependent, adjustable attenuat- 
ing pins are placed in the band pass for each wave- 
length and set to pass the correct amount of radiation 
at the time of calibration. 

The mechanical adjustments necessary to change 
to different wavelengths are inconvenient at present, 
and provision is being made to set the desired wave- 
lengths by dial. A suggested set of wavelengths which 
would give acceptable sensitivity and avoid atmos- 
pheric absorption in the infrared has been calculated 
to be 1.1, 1.6, and 2.1 microns. 


1. “A High-Speed Ratio Pyrometer,” G. A. Hornbeck, to 
appear in Vol. 3, Temperature, Its Measurement and 
Control in Science and Industry, Reinhold Pub. Co. 
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Thermocouples for High Temperatures 


ASSOCIATION 


ONSIDERABLE ATTENTION has been 
C given to measuring high temperatures with 

special thermocouples. The widely-used 
platinum versus 10% rhodium-platinum thermo- 
couple, as well as the platinum versus 13% rhodium- 
platinum thermocouple, can be used for continuous 
service to 2600°F in an oxidizing atmosphere, pro- 
vided it is properly insulated with aluminum oxide 
or other suitable high-purity refractory. Short-term 
service between 2600°F and the melting point of 
platinum (3217°F) also is possible, but leads to 
deterioration of the pure platinum leg. 

To allow improved life of thermocouples for 
continuous service in the range of 2600°F to about 
3100°F, rhodium alloys have been substituted for 
the pure platinum (negative leg) and the rhodium 
content has been increased in the positive leg to 
produce a satisfactory electromotive force. Ex- 
amples of such combinations are as follows: 

5% rhodium-platinum vs 20% rhodium-platinum 

6% rhodium-platinum vs 30% rhodium-platinum 

20% rhodiun.-platinum vs 40% rhodium-platinum 

The National Bureau of Standards is currently 
preparing a standard calibration for the 6% rhodi- 
um-platinum vs 30% rhodium-platinum thermo- 
couple. When this is available, more extensive use 
of this combination for the temperature range of 
2600°F to 3100°F is expected. 


JAMES A. BARD 


Thermocouple combinations containing iridium 
and iridium-rhodium alloys have been proposed for 
continuous service to about 3600°F. The iridium- 
rhodium alloys usually contain between 40 to 60% 
rhodium and allow a suitable electromotive force 
when coupled with pure iridium. Since aluminum 
oxide is not recommended above 3200°F, such 
thermocouples frequently are insulated with bery]- 
lium oxide. Both legs of these thermocouples are 
quite brittle and require careful installation to 
avoid sharp bends or rough handling. 

Still higher temperatures can be measured with 
thermocouples of tungsten vs rhenium and tungsten 
vs tungsten-rhenium alloys, as long as the working 
area is maintained in vacuum, or in inert or re- 
ducing atmosphere. Beryllium-oxide insulation is 
recommended to about 4000°F. Experiments in 
vacuum to temperatures approaching 5000°F have 
been performed with bare thermocouples, since 
even beryllium oxide becomes conductive in this 
range. Furnaces for service to 5000°F contain tan- 
talum and molybdenum baffles and water-cooled 
jackets instead of conventional insulation. 

Research is constantly in progress to further ex- 
tend the temperature ranges which can be meas- 
ured with thermocouples, and to improve the ac- 
curacy of measurements in high-temperature serv- 
ice. 


Measurement of Hypersonic Flow 


number of years to measure the mean proper- 

ties of a fluid stream. The hot wire is capable 
of providing two thermodynamic measurements: 
(1) the rate at which heat is transferred from the 
wire to the stream, and (2) the wire recovery tem- 
perature for zero heat transfer. If sufficiently ac- 
curate relations are known for the heat loss and 
recovery temperature as a function of the proper- 
ties of the flow, only one additional thermodynamic 
measurement is necessary to uniquely specify the 
flow field. 

Measurements have been made of the heat loss 
and recovery temperature of a fine hot-wire at a 
nominal Mach number of 5.8. Data were obtained 
over a range of Reynolds numbers in the transi- 
tional regime, corresponding to free-stream Knud- 
sen numbers between 0.4 and 3.0. At high Rey- 
nolds numbers, the heat transfer data agree well 
with the results of Laufer and McClellan which 
were obtained at lower Mach numbers. At the low- 


H. inter of PROBES have been used for a 
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er Reynolds numbers, the results indicate a mono- 
tonic transition between continuum and free-mole- 
cule heat-transfer laws. A comparison was made 
between the present recovery temperature meas- 
urements and previous investigations by using end- 
loss corrections appropriate to transitional flow. 
The normalized variation of recovery temperature 
for supersonic and hypersonic flow is shown to be 
a unique function of the free-stream Knudsen num- 
ber. 

Preliminary measurements were made of local 
Reynolds numbers and stagnation temperature in 
the wake of a transverse cylinder to illustrate the 
applicability of the steady-state hot-wire to such 
investigations. 


Abstracted from “Hot-Wire Measurements in Low- 
Reynolds-Number Hypersonic Flows,” by C. Forbes 
Dewey, Jr., Guggenheim Aeronautical Laboratory, Cal- 
ifornia Institute of Technology, Pasadena, California. 
Presented at the American Rocket Society 15th Annual 
Meeting, Shoreham Hotel, Washington, D. C. Decem- 
ber 5-8, 1960. 
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PRECISION 
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This set was specially designed for use as working standards 
in laboratories, and inspection and quality control departments. 
It includes Weinschel Model 50 attenuators and Weinschel 
Model 210 attenuators in attenuation values of 3, 6, 10 and 
20 DB covering the frequency range of DC to 12.4 KMC. 
These attenuators, which are supplied in a solid walnut, velvet- 
lined case, offer the following exclusive Weinschel features: 
MAXIMUM STABILITY Because Weinschel film resistors are used, these attenuators 
are extremely stable even under peak pulse power and tempera- 
ture and humidity cycling. 
STAINLESS STEEL CONNECTORS To give maximum life with minimum wear, these attenuators 
are equipped with stainless steel connectors, eliminating cor- 
rosion and plating chips while giving long years of useful life. 


CLOSE CONNECTOR TOLERANCE ‘To assure proper mating of the connectors, the critical 
dimension of the inner contact depth is held to +0.005 inches, 
even closer than NBS requirements for testing. 

CERTIFICATE OF CALIBRATION A plastic laminated Certificate of Calibration showing cali- 
bration data for each attenuator is supplied with the set. The 
certificate gives DC resistance and insertion loss at 3 frequencies 
for each attenuator. 

Write for Weischel Engineering Bulletin 333 for full information and prices 


on the AS-1 attenuator set. For special attenuators to meet other requirements, 
contact our Application Engineering Department. 


PRECISION MICROWAVE MEASUREMENT COMPONENTS, INSTRUMENTS AND SYSTEMS 


WEINSCHEL 


ENGINEERING COMPANY KENSINGTON, MARYLAND ¢ Phone: LOckwood 4-0121 « TWX: KENS 446 
CIRCLE 79 ON READER-SERVICE CARD 
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SAUL EPSTEIN 
Pace Engineering Company 


Variable-Reluctance 
Pressure Transducers 


V ARIABLE-RELUCTANCE pressure trans- 
ducers, particularly the “diaphragm” type, pos- 
sess a number of important features: 


|. Ability to withstand severe shock and vibration en- 
vironment. 


. Extreme overload tolerance (operator proof). 


. Dynamic response for liquid as well as gas systems 
due to high natural-frequency, low internal-volume, 
and low volumetric displacement. 


. Ability to accept corrosive media for pressure 
differential as well as gage-pressure measurements. 


5. High signal output level. 


Theory of Operation 


The diaphragm-type variable-reluctance pressure 
transducer is shown in simplified form in Fig. 1. A 
diaphragm of magnetically-permeable material, sup- 
ported between two symmetrical E core inductance 
assemblies, completes a magnetic circuit with each 
E core. The diaphragm deflects when there is a dif- 
ference in pressure between the two input lines. This 
increases the gap in the magnetic flux path of one 
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core, and decreases the gap equally in the other. 

The magnetic reluctance varies with the gap, de- 
termining the inductance value, so that the over-all 
effect of diaphragm motion is a change in inductance 
of two coils (L; and Lz in Fig. 2). 

The inductance ratio L,/Lz2 is conveniently meas- 
ured in a bridge circuit (Fig. 2) which produces an 
output voltage proportional to the pressure difference. 
Two legs of the bridge are formed by the two E core 
coils (L; and L,), the other two by R, and Re. The 
bridge is driven by an a-c source. 

The diodes in the resistive voltage divider shown 
in Fig. 2 permit the bridge to operate only on half 
cycles (Fig. 3). During one half cycle the diodes con- 
duct, establishing a potential at point B. During the 
other half cycle, the diodes do not conduct, and there 
is no output. Thus the output is half-cycle pulses. 
When the voltage at point A equals that at point B, 
the output is zero. When the potential at A is greater 
than that at B, the output has one polarity (+); when 
A is less than B, the output polarity reverses (—). 

In typical pressure transducers, AL/(L; +Lz) is 
usually 5% at full scale, and the corresponding output 
voltage is 50 mv per volt of excitation. 

Greater output can be achieved by using a four- 
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FIG. 1. DIAPHRAGM-TYPE variable-reluctance 
pressure transducer has two coils, L; and Le. The 
only moving part is a stiff metal diaphragm be- 
tween the coils, which moves only a few thou- 
sandths of an inch. 
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FIG. 3. BRIDGE OUTPUT with pressure reversal, 
showing half-cycle action and phase reversal. 
Straight line is filtered output. 
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FIG. 2. TRANSDUCER ([L; and Ls) in half-cycle 
bridge. 























FIG 4. RING demodulator circuit. 








diode full-wave-rectifying circuit (Fig. 4). In this 
“ring” demodulator circuit, the transducer is excited 
from the center tapped secondary winding of trans- 
former T;. The A-C output signal appears between the 
center tap A of T,; and the common point B of the 
transducer coils, and is delivered to the primary wind- 
ing of output transformer T:. The demodulated out- 
put signal appears between A and center-tap D of the 
output transformer. 

The action of the four-diode ring circuit is as 
follows: Assume point A is at zero or ground poten- 
tial. Due to diode switching action, points F and G 
are at zero voltage alternately with each half cycle, 
and determine the corresponding condition at termi- 
nals C and E at output transformer. The effect is to 
produce a full-wave-rectified voltage at D, the po- 
larity of which reverses with reversal of the trans- 
ducer output signal phase. 

Manufacturing tolerances preclude exact matching 
of L, and Le at zero pressure, and potentiometer Rg; 


is necessary to null the output at zero pressure. The 
circuit is insensitive to effects of reactive unbalance 
in the transducer. 

A filter (Fig. 2) in the output circuit removes the 
pulsation to produce the continuous output vs pres- 
sure differential curve shown in Fig. 3. The filter also 
removes undesirable harmonics. The characteristics of 
this filter are critical; they determine, in part, the 
bandpass of the system. The maximum bandpass theo- 
retically possible in such a system is 50% of the excita- 
tion frequency, although a generally-accepted value 
is 20%. The filter selected should have a steep cutoff 
beyond the upper limit. 

Bridge output (E,) is proportional also to the 
amplitude of the excitation voltage E;: 


o> Ei (AL) /(la + L2) 


where E, = output voltage and E; = excitation volt- 
age. 
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HYDRAULIC SUPPLY REGULATION 


INEXPENSIVE HYDRAULIC POWER SUPPLY REGULATION TO 1.5% 
USES PRESSURE SWITCH WITH DAMPING NETWORK 


4} he designer often is confronted with the problem of 
how best to regulate the pressure of a hydraulic system. 
Although several methods, such as pressure-compensated 
pumps, unloading valves, or relief valves are available 
to him, perhaps the simplest and most straightforward 
is the familiar pressure switch and solenoid valve arrange- 
ment. Generally, in this configuration, a pressure switch 
activates a solenoid valve which directs oil either to the 
system or to a reservoir, depending on system demands, 
with an accumulator supplying the system between pump- 
ing cycles. Such systems are normally capable of pressure 
regulation in the order of 10%. With some elaboration, 
as discussed in the following, it is possible to achieve 
a regulation capability of 1.5% to 3.0%, which is ade- 
quate in many applications. 

In the pressure-switch-solenoid system, pulsations of 
the system pump can produce pressure-switch “chatter,” 
which results in over-all system oscillation. To eliminate 
this, a snubber is placed in series with the pressure switch. 
Assuming a pressure switch having an operating dif- 
ferential of 200 psi, so much snubbing may be required 
to prevent chatter that the resulting system differential 
may attain 300 psi, or even 400 psi. In a 3000-psi system, 
this would represent regulation of not better than 10%. 
Using a switch having a smaller pressure differential 
makes it impossible to achieve a balance between good 
regulation and no oscillation. That is, where snubbing 
action alone is used, the result may be either violent 
chatter or no operation at all. 

One successful approach to the problem has been to 
supplement the snubber with a damping network, as 
shown. A relay-capacitor network is introduced between 
the pressure switch and the solenoid. This built-in time 
delay prevents actuation of the solenoid until the pres- 
sure switch has passed through the “chatter region.” 

The response curves show that in a system equipped 
with a damping network having a time constant of two 
seconds, and a pressure switch with a rated operating dif- 
ferential of 40 psi, the over-all system pressure differential 
is greater at low flow rates than it is at high rates. The sys- 
tem shown is therefore capable of regulation at from 
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1.5% to 3.0%, depending on the flow rate. Another 
possible disadvantage is that if the requirements are such 
that high flow rates are required for short bursts of less 
than two seconds, a “pumping up” action may occur, 
resulting in excessive pressure rise. Although the system 
would be inadequate in this case, it is felt that this situa- 
tion is not likely to occur. 


Source: Robert D’Entremont, Engineering Hydraulic 


Laboratory, Raytheon Co., Aero/Weapons Division, 
South Lowell, Mass. 








S TIMING INSTRUMENTATION 
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FIG. |. TIME-CODE Generator (EECO 810) similar to unit now in operation at NBS 
Radio WWY, supplying time codes on world-wide broadcast. 


Electronic Timing 


Electronic timing equipment must be used for precise timekeeping and 
synchronization of equipment separated by large distances. Primary use 


is in correlation of data taken at several sites. 


the pendulum, the synchronous motor, and the 

chronograph using a rapidly rotating drum on 
which timing marks were made by a tuning fork. 
Modern science, however, requires more precise time- 
keeping and time recording devices, including syn- 
chronization of instrumentation and timing equipment 
over distances of thousands of miles. This has led to 
the development of electronic timing equipment. 

A single camera or plotting board may require only 
one time-signal generator hardly more complex than 
an electronic chronograph. The “clock work” usually 
comprises a stable oscillator and the necessary cir- 
cuitry to divide down the frequency into the signals 
required for timing purposes. 

In contrast, a large system complex such as that in- 
stalled at the Atlantic Missile Range at Cape Canaver- 
al and down range will include a Central Time-Code 
Generator, many slave Time Generators, and scores 
of Terminal Timing Units to serve each of the instru- 
mentation sites. Such sites also may have radars and 
plotting boards, theodolite systems, telemetering 
ground stations, and various other types of instrumen- 
tation. 


E ARLY TECHNIQUES for timekeeping included 


Master Time Generator 

The Master or Central Time Generator (Fig. 2) 
provides time signals and time codes for local instru- 
mentation and produces precision synchronizing sig- 
nals for remotely located slave time-generators. A pre- 
cision frequency standard generates the basic fre- 
quency for the system. A pulse rate divider, making 
use of digital division techniques, produces the vari- 
ous pulse rates required throughout the system. The 
various time codes are generated by counting pulse 
rates into accumulators, and scanning the count in 
these accumulators periodically to produce the de- 
sired codes. 


Frequency Standard 

In a typical Master Time Generator, the basic fre- 
quency may be produced by a 1-megacycle frequency 
standard. A precision oscillator with frequency sta- 
bility of + one part in 10° per day is not unusual. 

For some types of frequency standards, synchroni- 
zation is maintained between the local standard and 
the WWYV standard time-transmissions. One method 
(low accuracy) is to aurally zero-beat the note of the 
WWYV receiver against high-order harmonics of the 
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FIG. 2. BLOCK DIAGRAM of 
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frequency standard. Another method (high accuracy ) 
involves comparing a l-pps output from the pulse- 
rate divider with the WWYV 1-pps signal on an oscillo- 
scope. For still higher accuracy, the phase of the 
local oscillator can be compared with the stabilized 
VLF transmitter carrier of WWVL (new low-fre- 
quency transmitter of WWV) or NBA, Panama, C.Z. 
( Navy low-frequency transmitter) in 10-ke range. 


Pulse-Rate Divider 

A Pulse-Rate Divider consists of digital dividing 
circuits which produce various pulse rates required 
within the system. A Pulse-Rate Divider may be re- 
qytired to provide as many as a score or more of rates 
ranging from below 1 pps to over 1000 pps for use 
in certain recording instruments. A range of pulse 
rates from 1 pulse per day to 10,000 pps or higher is 
not uncommon. 


Code Accumulator 
The Code Accumulator counts the code word inter- 


FIG. 3. NEW EECO 811! Time-Code Generator sup- 
plies all four IRIG code formats soon to be standard- 
ized at major missile ranges. 
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val and stores this count in the format of the final de- 
sired output signal. For example, if the final code 
format is to be 17-bit, 100-pps code (Fig. 4), then 
this Accumulator would count (in binary fashion) 1 
second pulses from 0 to 59, then count 1 minute pulses 
from 0 to 59 and 1 hour pulses up to 23. This would 
produce the typical 17-bit Hours, Minutes, Seconds 
code. The code scan rate would be 100 pps. 


Scanner 


The Scanner produces a serial time code, consisting 
of width-coded pulses (narrow for zero, wide for bin- 
ary one). This serial code can be modulated on a 
carrier for use by instrumentation recording devices 
such as magnetic tape units, or the level shift signal 
can be used on high-speed cameras, where a serial 
presentation is required. 


Mixer and Distribution Unit 


In many timing systems, composite signals are re- 
quired; this is the function of the Mixer and Distribu- 
tion Unit (Fig. 2). For example, it can develop a 
1-pps signal followed by its associated code identifica- 
tion, which is subsequently followed by timing marks 
dividing the remainder of the 1-second intervals into 
10ths, 100ths, and 1000ths of a second. 

The Mixer and Distributor Unit also produces the 
necessary number and type of outputs required to dis- 
tribute the timing signals. For example, there may be 
several outputs compatible with 600-ohm, voice-type 
telephone lines, or several outputs which are adap- 
table to driving low-impedance coaxial-line distribu- 
tion systems. 
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FIG. 4. ONE FRAME of 17-bit, 100-pps second-minute-hour time-of-day code is shown at top. One frame of 17-bit 
|-pps second-minute-hour code is shown at bottom. A wide pulse indicates a binary digit—for example, at top left, 
the third and fifth pulses are wide, indicating 20 seconds in binary (!-2-4-8-16-32) code. 


Slave Time-Generators 


Although every reasonable precaution usually is 
taken to keep a precision timing signal system “on 
the air” from the central point, the possibility exists 
that the central or master system transmission media 
could break down. To anticipate this possibility, slave 
time-generators are operated at or near instrumenta- 
tion sites in synchronization with the master time- 
generator (which supplies synchronization to each of 
the slave systems in the complex). If the transmission 
medium (land line, radio link, submarine cable) fails, 
the slave generators will continue to produce time sig- 
nals to maintain the desired timing accuracy and 
station-to-station coincidence. 

Slave time-generators are essentially the same as 
master time-generators and contain master oscillators 
or frequency standards, pulse rate dividers, synchro- 
nizing circiuts, etc. The slave time-generators usually 
are not required to produce as large a number of 
outputs as is supplied by a master time-generator. 





FIG. 5. TIMING-SIGNAL 
generator for Atlantic Mis- 
sile Range. This system has 
operated 24 hours per day 
since 1954. 


Auxiliary Units 

There are usually many auxiliary units to solve spe- 
cial problems. For example, a signal control unit may 
be used to turn On or Off any given signal from the 
Mixer and Distributor Unit, and also enable the oper- 
ator to “set” the Code Accumulator to the proper time 
of day and then start it in synchronization with the 
correct standard time or system time. 

Many timing systems contain an oscilloscope which 
is used to set pulse-rate divider circuits containing 
“Advance-Retard” features to align generated time 
with a standard such as WWV. 


Used directly with the oscilloscope is the WWV 
receiver which is used to bring the timing center into 
synchronization with the WWV l-pps signal. It is 
used also to assist in setting the Accumulator to the 
proper “time of day” as well as for initial adjustment 
of the Master Oscillator frequencies. 
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HOW 
10 
MULTIPLY 
ENGINEERS 


One engineer and an EAI PACE TR-10 transistorized desktop analog computer can be the equal of several men 


limited to conventional design tools. The TR-10 multiplies the design capabilities of the most able engineer. One 
TR-10, equipped with a removable patch panel, will serve the needs of a roomful of engineers. This new patch panel 
permits pre-patching of programs away from the computer. It plugs into the computer instantly — valuable 
computation time is conserved. ™ Versatility of the TR-10 is unequalled. Unique simplicity makes it excellent for 
students or engineers unfamiliar with analog techniques. Accurate to a tenth of one percent, the TR-10 performs 
admirably for the experienced user in 95% of routine engineering problems. And with High-Speed Repetitive 
Operation added, or with several units slaved to operate as one, the TR-10 meets the demands of many advanced 
applications. ™@ For technical data on this almost infinitely versatile computer, write for Bulletin No. AC 934. 


FAI ELECTRONIC ASSOCIATES, INC. Long Branch, New Jersey 


Leader in Analogics Analog/Digital Computers Data Reduction Process Control Instruments Computation Service 
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Midwestern Simulation Council, 
May 15th, Rock Island Arsenal, Illi- 


nois, on “Education.” 


Milt Warshawsky (Wright-Patter- 
son AFB, Ohio); A. |. Katz (Elec- 
tronic Associates, Inc.}; William 
B. Field (Union Carbide Olefins 
Co.); Ralph J. King (Caterpillar 
Tractor Co.); Robert M. Howe 
(University of Michigan} 


Rocky Mountain Simulation 
Council, June 27th, Denver, Colo- 
rado. 


George Brown — on "A 
Free Turbine Engine for Heli- 
copter Applications” 

John Zampino Lape y “neta 
on "The Simulation of Static an 
Frictional Forces" 

Maughan S. Mason (Thiokol 
Chemical Corporation) on "De- 
termination of True Input" 


Plus added attractions: “Analog 
Techniques—Pulse Circuit by Tom 
Anderson 


“Information Without Theory”— 
Simulmatics 


“He Went Thataway!”—Lad 
Kovach Letter to the Editor, from 
Jack Sherman 





PIECES 





MIDWESTERN SIMULATION COUNCIL MEETING OF 15 MAY ON 
EDUCATION 


Of the May 15th meeting of the 
Midwestern Simulation Council Rob- 
ert T. Harnett, their secretary, writes 
in part as follows: 

The afternoon tour of Rock Island 
Arsenal was quite interesting. One of 
the highlights was an outdoor demon- 
stration of how a self-propelled how- 
itzer can extract itself from a quag- 
mire. The people at Rock Island 
wanted some sloppy weather just pri- 
or to the meeting but dry weather for 
the day of the meeting. Strangely 
enough, that’s exactly the way it 
worked out. Another part of the tour 
consisted of a demonstration of an 
RCA 501 computer system. Their an- 
alog computer is a Goodyear A-14. 
All of the arrangements for the meet- 
ing were handled by Joe Wilson, one 
of our steering committee members 
who is on the staff of Rock Island 
Arsenal, and he did a fine job. 


Speaker No. 1: L. Milton 

Warshawsky, Aeronautical 

Systems Division, Wright- 
Patterson AFB, Ohio 


Last week Bob Howe and I sat 
on a panel of the Western Simulation 
Council discussing the subject, “The 
Future of Analog Computation.” To- 
day our subject is “Education.” Our 
preparation for both meetings was 
simplified by the fact that both sub- 
jects are inextricably intertwined. 
Without some definite improvement 
in the area of educating the technical 
community on the existence and ca- 
pabilities of analog computation, its 
future is dim. 

It has been obvious to all of us 
that digital computation has been 


growing at a rapid rate. We attribute 
this in part to extensive advertising 
efforts, often verging on propaganda, 
which shout the virtues and unlimited 
applicability of equipments in han- 
dling almost every aspect of Man’s 
existence in the future. The “Madi- 
son Ave. boys” utilize every conceiv- 
able stunt, such as predicting election 
winners and mating matrimonial pros- 
pects, to create in the public eye an 
image of an infinitely versatile and 
resourceful giant that will someday 
relieve the world of all its burdens, 
including thinking. Of course we all 
know of the many truly effective ap- 
plications of digital computers in the 
areas of business, industry, and sci- 
ence, but some of the material is pure 
hokum. In the area of analog com- 
putation effort, we do not see a com- 
mensurate growth in activity. Let’s 
face it—when the word “computer” 
is mentioned today, people do not ask 
whether analog or digital is being dis- 
cussed. They naturally assume digital. 


Does this mean that digital com- 
puters have taken over the area of 
scientific computation where analog 
computers are supposed to excel? If 
they have, and there is growing evi- 
dence that they are encroaching, 
(real-time digital simulators, for ex- 
ample) we feel that it has been the 
result of forceful salesmanship rather 
than merit. In short, it is our consid- 
ered opinion that we have a good 
product to sell. The next question is 
how best to do this. After all, we 
can’t compete with IBM, which budg- 
ets $45 million per year for education 
and advertising, according to infor- 
mation from a usually reliable source. 

I would like to report on an effort 
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recently made at Wright Field to 
indoctrinate a group of technical su- 
pervisory personnel on the capabil- 
ities of analog computation. The mo- 
tivation for this particular program 
was our observation that only about 
\4,% of the engineers and scientists 
were availing themselves of our serv- 
ices even though we possess the most 
advanced and one of the largest facil- 
ities of this type in the country. We 
have deliberately held down the size 
of our staff to accommodate this 
workload although our equipment 
could probably handle three times its 
present load. On the other hand the 
Digital Division, right next door to 
us, has been expanding constantly 
both in equipment and personnel. 

We invited 60 top-level scientific 
management people to attend this pro- 
gram, which took them away from 
their jobs for a solid week. They 
were exposed to approximately 20 
hours of lectures and 15 hours of lab- 
oratory demonstrations. We enlisted 
the aid, through a contract, of Elec- 
tronic Associates in carrying out the 
program. Al Katz and an assistant 
were the two principal instructors, al- 
though we supplied nine other peo- 
ple full time. 

To instrument this program for the 
purpose of determining its effective- 
ness, we gave each of the attendees an 
examination both before and after 
the course. In addition, upon the con- 
clusion of the program, we submitted 
a questionnaire to each student solic- 
iting his opinions on various aspects 
of the course such as means of im- 
proving it, estimates of its value to 
them and their subordinates, etc. 

The results of the before and after 
test showed a marked increase in 
knowledge of analog-computation 
principles and applications. The aver- 
age grade increased from 48.3% to 
78.6%. The median grade went from 
42% to 85%. The questionnaires re- 
vealed an almost unanimous opinion 
that the course was most valuable in 
revealing the applicability of analog 
computers to their problems and 
that it should be given to all work- 
ing-level engineers. 

An unexpected dividend was re- 
ceived from the before-and-after tests. 
One section of it was in the form of 
true-false questions which, quite un- 
wittingly, tested the knowledge of dig- 
ital as well as analog computers. One 
question, viz. “Unicode and Fortran 


are two methods of programming an- 
alog computers without the need for 
preparing schematic diagrams” was 
answered incorrectly by approximate- 
ly one person out of three. Thus, in 
spite of the extensive courses given 
by IBM and Remington Rand, appar- 
ently there is not a widespread under- 
standing of these systems. This gives 
us hope that we’re not too late in 
starting an educational program, 
since the uncommitted technical com- 
munity has not been thoroughly 
brainwashed as yet. 

The questionnaire revealed at least 
one significant result in that 85% of 
the responders stated that as a result 
of attending this course they felt that 
some of their technical problems were 
amenable to solution by analog com- 
puters. 

My purpose is reporting on this 
program is to point out an effective 
and relatively inexpensive means of 
bringing our message to a select and 
influential group. We intend to con- 
tinue this program to cover several 
hundred additional engineering per- 
sonnel. If other organizations facing 
similar problems to ours were to get 
something like this going we could 
start a ground swell of interest in 
analog computers that would restore 
them to their proper position of em- 
inence. 


Finally, I would like to propose 
that Simulation Councils, Inc. and the 
Midwestern Simulation Council in 
particular undertake a vigorous pro- 
gram to promote a knowledge of the 
capabilities of the analog computer 
among all the scientific disciplines. 
As a starter they could work out a 
series of curricula of programs such 
as the one we undertook and which 
admittedly is far from perfect. They 
could collect from many sources use- 
ful applications problems. They could 
undertake an effort to have published 
in various technical journals appro- 
priate analog-computer application 
articles. We do not have a pat pro- 
posal to cover all aspects of this prob- 
lem. We'd like to stir up suggestions 
from other people. I feel that while 
these bi-monthly meetings of our 
Council serve a useful purpose, they 
usually bring out approximately the 
same people time after time and thus 
do not result in large numbers of 
scientists learning what we can do. 
This would be a worthwhile objective 
of our organization. 
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Speaker No. 2: A. I. Katz, 
Director, Training and 
Education, Princeton 
Computation Center, Electronic 
Associates, Inc. 

The Training and Education Group 
of EAI has been active in four areas 
of education in analog computation. 
First, the broad area of brief intro- 
duction to analog computation. In 
talks before technical societies, busi- 
ness organizations and schools (in- 
cluding high schools), we find that 
we must avoid the mathematical con- 
notation—Better not have a mathe- 
matician give the show. Relate prob- 
lems to physical systems. 

One- to three-day seminars at a 
company are also useful. Advance no- 
tice is given and interested persons 
can attend. This gives them a quick 
picture of what analog computers can 
do. It is particularly effective if the 
examples discussed can be taken from 
their own fields of interest. 

The second area is training for a 
working knowledge of analog compu- 
tation. This is the objective of the 
Advanced Application Courses pre- 
sented at PCC since 1957. Iilustrate 
applications to various problem areas. 
Show people that they can do their 
own programming and they are no 
longer afraid of the computer. Keep 
the illustrative problems dramatic but 
simple. There are many good books 
on the market today. Effective pro- 
gramming and check procedures 
should be emphasized. 

The third activity is training a 
company’s personnel after a computer 
is purchased. Maintenance and oper- 
ator’s training becomes most impor- 
tant now. A staff always has a certain 
turnover and supplemental training 
is necessary as time goes along. Here 
we often go out to a facility for one- 
week concentrated courses. One-week 
maintenance and one-week operator’s 
courses on EAI machines are pro- 
vided without charge at PCC. Costs 
are thus much lower and training is 
effective since many people can par- 
ticipate in the program. Visual aids 
are important in this type of activity. 

The fourth activity is expanding 
the knowledge of your staff so that 
they see new areas of application such 
as partial differential equations, sta- 
tistical techniques, on-line data reduc- 
tion, etc. Specialized programs come 
into play here—usually concentrated 
2-3 day courses or seminars. This 
matter of advancing the knowledge 
of the staff is very important. Visual 
aids should be used to as great an ex- 
tent as possible. 

The Training Group at EAI has 
been active for about four years, but 
more programs have been given in the 
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DYSTAC Iterative Analog Computer 


Memory Permits Use of Numerical Techniques 


Because of its memory feature, the DYSTAC computer can follow 
iterative procedures by automatic transfer of stored results from one 
iteration to the next. Because each iteration is very fast, this computer 
retains the speed advantages of the conventional analog, yet eliminates 
equipment size limitations of conventional analog procedures. Memory 
also permits time sharing of computer elements. 


What DYSTAC Computers Can Do For You 

s—DYSTAC solves problems in fraction of gross time required by digital 
computers with a fraction of equipment required by any other analog 
computer. 

m—DYSTAC solves problems hitherto unsolvable by computer techniques. 
=—DYSTAC solves problems at multi-speeds simultaneously. 

=—DYSTAC offers high-accuracy prediction for real time control. 
=—DYSTAC offers true max-min capabilities for process model develop- 
ment, optimizing operating conditions, and on-line optimizing control of 
several operations with one computer. 

™—DYSTAC is your economical answer to high speed computation of mul- 
tiple integrals and partial differential equations, definite integrals, multi- 
dimensional partial differentials, etc. 


—S C 0 M P U T E R SYSTE M S, | N C » Culver Road, Monmouth Junction, N. J. * DAvis 9-2351 


A Schlumberger Subsidiary 


Computer engineers with analog and digital backgrounds, who wish to explore the many professional opportunities available, are invited to send resumes. 
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last six months than in the previous 
four years. This is indicative of the 
urgent need for training and educa- 
tion. But be wary of a training pro- 
gram that requires your own staff. 
Most such programs wither away be- 
cause of “more important work to 
do.” 

Another facet of training has been 
accomplished by the Computation 
Center itself. The Computation Cen- 
ter was started for people who had a 
problem and wanted to have it solved. 
Once on the machines they were often 
amazed to find out what they could 
learn from the computer and from 
computer people. The most successful 
programs were those where an engi- 
neer came in with his own problem, 
saw how it could be programmed, 
turned some knobs to change param- 
eters in his problem, and went away 
with valuable information on his 
problem. In this process he became 
acquainted with effective program- 
ming and analysis techniques as he 
worked with PCC engineers—‘‘on the 
job” training! 


Speaker No. 3: William B. 
Field, Union Carbide Olefins 
Co., South Charleston, 
West Virginia 


At the Union Carbide Technical 
Center, we have a fairly major lab- 
oratory operation. One of the most 
prominent characteristics of chemical 
processes is their evolutionary na- 
ture. The demand for a particular 
product may arrive much faster than 
anticipated, and it may require large 
changes in production rates. The op- 
portunities for analog computation 
lie in reducing the tedious procedure 
of process improvement. To do this, 
we try to get the process engineer as 
close to the analog computer as pos- 
sible; this requires a training pro- 
gram. 

We find that a suitable orientation 
program along with appropriate dem- 
onstrations and practice sessions is 
the only practical means of adminis- 
tering this specialized training. We 
suggest that a course of 25-40 hours 
of instruction be made available to 
engineers. 

Certain conditions must be recog- 
nized. The course material should be 
a clearly defined outline of the sys- 
tem engineering approach through an- 
alog computation. The course should 
prepare a man to analyze his own 
problems for an analog study. He 
should develop his own models, pre- 
pare circuit diagrams, operate the 
computer, and interpret results. The 
instruction should be given during 
working hours with the permission of 
the attendees’ supervisor. 


SIMULATION ‘a ‘ 
COUNCIL ae 


Classes should consist of 10-15 peo- 
ple and should be scheduled over a 
few weeks rather than concentrated in 
a few days. The course should be pre- 
ceded with information to the super- 
visors to convince them of the value 
of this course for their people and 
the need for temporary shifts in work- 
load. The supervisors should be ad- 
vised to encourage their people’s at- 
tempts to upgrade their work through 
the use of analog computation. We 
feel that a supervisor sympathetic to 
such a program is a great asset. A 
separate briefing session for the su- 
pervisors is often desirable. 

It cannot be expected that this 
course will produce a computer ex- 
pert. It can orient a technical man 
towards the proper goals and place 
him in a position to learn more with 
each new job. Even if he never un- 
dertakes a specific computer problem, 
the course should set him to thinking 
along new and refreshing lines.* 

The analog-computer circuitry 
should be treated from a fundamental 
point of view. It is not sufficient to 
describe summers and integrators, for 
example, by the conventional tri- 
angles and input gain numbers. The 
functions of the input and feedback 
circuits should be defined in detail, 
the objective being to gain the con- 
fidence of the project engineer in the 
validity of the computer results.** 
By reason of this fuller understand- 
ing, he will come back to the labor- 
atory with his problems time after 
time. 

In dealing with management and 
technical groups, I find value in two 
quotations that I have used for about 
six years. The first is from George 
Philbrick in September, 1955. “If you 
want results, promote a free inter- 
change of ideas with the analog ma- 
chine. Odd as it may sound, the com- 
puter will frequently make sugges- 
tions at an engineering level, when an 
understanding develops. Take it from 
me, it can even invent. But not by it- 
self. Above all, be assured that you 
cannot replace brain power with a 
computer. No substitute for creative 
thinking has yet been reported. Nor 
can the machine convert mediocre 
technical men into prodigies. The 
proper application of analog instru- 
mentation is to extend, to augment, 
and to liberate the development and 
creative engineering brain power 


*Hear, hear!—Ed. 

**Here I don’t necessarily “hear.” I 
believe it depends on the person’s 
background and interests —Ed. 
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which is already available in your de- 
partments.” 

Another quotation was published 
by Ernest F. Johnson of Princeton 
University in March of 1955. “Rea- 
soning by analogy requires extending 
thought into alien disciplines. The 
design of a successful analog requires 
an understanding of the behavior of 
both the prototype process and the 
analogous process. It further requires 
an intelligent reduction of that under- 
standing to useful mathematical form. 
Such mental exercise serves to in- 
tegrate much of the engineer’s tech- 
nical background. There is no more 
effective tool for stimulating thought 
than reasoning by analogy, and where 
it can be used, it provides a most ef- 
fective aid to technical analysis.” 


Speaker No. 4: Ralph J. King, 
Research Department, 
Caterpillar Tractor Co. 

Our needs in engineering and re- 
search require a wide coverage of 
techniques and knowledge from auto- 
matic controls to X-ray diffraction. 
Such subjects as heat transfer, fluid 
mechanics, servo mechanisms, gas 
turbine engines, transistor circuitry, 
and many others are daily subjects 
of investigation. Over 1500 people 
are employed in our Research De- 
partment. 

The biggest competition for com- 
puting has been testing—we have ex- 
tensive laboratory facilities, two prov- 
ing grounds, and a large active field 
test group. For many years it has 
been our practice to build new de- 
vices and test them extensively. We 
are now introducing computing, both 
analog and digital, to speed these 
projects up and reduce their cost. 

In introducing computing, the in- 
itial beginning will probably be the 
most difficult time. Facilities are 
justified by accomplishments. But 
without the facilities it is very hard 
to have the accomplishments, so some 
sort of selling program is necessary. 


il. Selling Management—Some Gen- 
eral Comments 

In the initial process of selling a 

computing facility or in the continu- 
ing job of selling the facility, the 
following points may be useful 
guides. 

1. Have something worth while to 
sell! Pick a good project—one 
that needs doing—one that can 
be done in a reasonable time 
at a reasonable cost. Falling flat 
on your face here could be 
disastrous. 





J. A. Baker, Operations 
Group Manager at one of the 
Boeing Aero-Space 
Division’s EASE® Analog 
computation laboratories. 
EASE reliability (actual 
records: less than 

2% down time over 6,592 
scheduled hours—20 
hours/day, 6 days/week, 
44 weeks) helps assure 
Boeing of meeting 
commitments on time. 


RESEARCH LEADERSHIP 


Speeds the Dyna-Soar Program at Boeing 


Established leadership in research—so important in the selection of the Boeing Company 
as system contractor for the U.S. Air Force’s Dyna-Soar—is playing an even more 
vital role as the company carries the program forward. For this vast undertaking — 
considered “the first step towards practical man-in-space flight”— involves new and 
complex problems that only the most advanced research can solve. 


Making important contributions to the Dyna-Soar design and simulation program is the 
Beckman EASE Analog Computer facility—one of three EASE installations Boeing 


uses in research and development activities at Aero-Space Division for Minuteman, Bo- 
marc and hydrofoil programs, and at Transport Division for 707 and 720 jetliner projects. 


| Beckman’ INSTRUMENTS INC. 


BERKELEY DIVISION 
RICHMOND, CALIFORNIA 
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2. Have a sympathetic approach 
to management—don't be self- 
righteous. “Anyone can see that 
this is a good project that needs 
to be done!" It is management's 
duty and prerogative to ques- 
tion. Don't be impatient, just 
because you want to do the 
project doesn't mean it should 
be done today. Don't make 
proposals on a take-it or leave- 
it basis. Don't talk down to man- 
agement on technical subjects. 


. Reduce the problem to its main 
elements. Leave off as many of 
the qualifications as you can. 
Take responsibility for the pro- 
posal. Don't promise what you 
can't deliver. 


Ralph illustrated his points with 23 
slides which showed how they sell 
their computing facility at Cater- 
pillar. 


Speaker No. 5: Robert M. Howe, 
Dept. of Aeronautical 
Engineering, University of 
Michigan 


So far, we have heard how you 
would go about indoctrinating ex- 
perienced people in the field of ana- 
log computation. For myself, I feel 
that the most effective way to spread 
the word on the use of analog com- 
puters is to do the training when the 
people are inexperienced engineers 
in our colleges and universities. At 
the University of Michigan we first 
started using analog computers in our 
courses and laboratories as far back 
as 1948. At the present time the 
Aeronautical Engineering Depart- 
ment has available approximately 15 
table-top computers with six to ten 
amplifiers in each. They are for stu- 
dent use in various laboratory courses 
and, as a result, we have indoctri- 
nated a large number of undergradu- 
ate and graduate students in how to 
apply analog computation to engi- 
neering problems. 

When we started using analog com- 
puters for classroom work and labo- 
ratory work we had equipment that 
we had built ourselves because none 
was available. The computers were 
flexible in that input and feedback 
networks were on external plugs. 
However, this flexibility led to con- 
stant trouble. Now we feel that it is 
important to have a maximum of 
programming convenience, such as 
built-in amplifier summing resistors, 
even if it means loss of flexibility. 
Then the student can concentrate on 


use of the computer for his own 
problem rather than concentrate on 
finding mistakes in wiring a plug- 
board. We feel that an introduction 
to computers must be made in such 
a way that students see some results 
at a very early time. 

Another point I would like to make 
is that I think it’s a shame that we 
haven’t been more successful in in- 
troducing students to analog com- 
puters as compared with digital com- 
puters, particularly since there are 
several basic advantages that we have 
in selling the use of analog computers. 
One obvious advantage is that it is 
easier to teach someone to program 
an analog computer and to get some 
useful results in a short time. Second- 
ly, it’s a lot easier to get out the re- 
sults and display them in graphical 
form. These two advantages need to 
be exploited by us to a greater degree. 

I think there are three general areas 
where analog computers can be used 
effectively for academic work. One is 
the area of the lecture demonstration 
where you bring the computer into 
the classroom and show the solution 
of a problem that you have been dis- 
cussing. Display could be on an 
oscilloscope for repetitive operation 
or on a recorder whose output could 
be projected onto a screen. 

A second area where analog com- 
putation can be used is in the labora- 
tory as part of a laboratory course. 
An example would be a course on 
automatic control where the student 
sets up various control problems, 
learns how to get solutions on the 
computer, and operates the computer. 

The third area would be in the 


actual teaching of application courses 
for analog computers. Here the main 
reason for teaching the course is to 
show the application of analog com- 
puters to a wide variety of engineer- 
ing problems. All three areas have 
been used extensively at The Uni- 
versity of Michigan, and we would 
like to see them spread to other col- 
leges and universities. As a result a 
large number of students will be 
cognizant of the various areas of ap- 
plication of analog computers, and 
this will go a long way towards sell- 
ing management on the capability of 
analog computer facilities. 

I would like to make a brief men- 
tion of a program at The University 
of Michigan which is sponsored by 
the Ford Foundation for upgrading 
engineering education through the 
use of computers. We have been try- 
ing to achieve more widespread use 
in education of both the analog and 
digital computers. Now nearly all of 
our 1000-1500 graduating engineers 
have had contact with both analog 
and digital computers during their 
studies. This grant from the Founda- 
tion also pays for other educators to 
visit the University and see how com- 
puters are being applied. 

There is an additional way that we 
can promote a more widespread use 
of analog computers in the technical 
areas. In some cases, the centraliza- 
tion of computers in a company tends 
to discourage their use. I would like 
to argue for small and medium-sized 
computers spread throughout the en- 
gineering departments in addition to 
the large centralized facility. Thus 
engineers can become acquainted 
with the computers for their own 
small problems and this should stimu- 
late the work in the large centralized 
computers as well. 





ROCKY MOUNTAIN SIMULATION COUNCIL MEETING OF 27 
JUNE ON TURBINE ENGINES, STATIC AND FRICTIONAL 
FORCES AND TRUE INPUTS 





_ The Rocky Mountain Simulation 
Council held its summer meeting at 
the Valli Hi Motel (Denver) on 27 
June 1961. 

Brief résumés of the speakers’ re- 
marks follow: 


George Brown (Bendix) on 
“A Free Turbine Engine for 
Helicopter Applications" 


Mr. Brown gave an interesting talk 
concerning helicopter control sys- 
tem simulation. The group discussion 
ranged from dynamometer character- 
istics to methods for obtaining addi- 
tional thrust on commercial jet air- 
lines. Mr. Brown showed general con- 
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trol circuit simulation diagrams, and 
discussed the various techniques he 
used to simulate functions of two 
variables. 


John Zampino (Martin-Denver) 
on "The Simulation of Static 
and Frictional Forces" 


Charles W. Taylor prepared the 
information, but was unable to at- 
tend the meeting. 

John Zampino discussed in some 
detail circuits used for simulation of 
frictional forces under various condi- 
tions. He also described construction 
of some low cost diode circuits. 


Robert Turner (Lockheed-Sunny- 





vale) sketched a circuit providing a 
hard, sharp limit. 

Mr. Zampino indicated that analog 
check solutions at Martin have norm- 
ally been performed after the cor- 
responding digital simulations. Since 
these analog checks often reveal dis- 
crepancies between the math model 
and the physical system desired, the 
present policy is to obtain the analog 
solution prior to completion of digital 
programming. This allows improve- 
ments resulting from the analog simu- 
lation to be incorporated in the digital 
program. 


Maughan S. Mason (Thiokol) 
on "Determination of True 
Input" 


Mr. Mason described implicit func- 
tion techniques useful for analog data 
reduction. 

For the case where physical system 
response oscillation masks the desired 
signal, a mathematical representation 
of the system can be incorporated 
into the feedback of a high gain 
amplifier to cancel the undesired 
oscillation. This has been successfully 


performed for fourth-order systems. 


A derivative feedback term is 
necessary to achieve stability; dif- 
ferentiation can be avoided through 
judicious programming. 


MAUGHAN 
MASON 





ay 


THOMAS ANDERSON 


In the course of a trajectory study, 
D. H. Utter needed a method of mark- 
ing time on the altitude-distance plot. 
The serendipitous result was the cir- 
cuit of Fig. 1. In addition to the de- 
sired timing pulse, this interesting ap- 
plication of an unstable loop pro- 
duces both square and triangular 
waves. 

Amplifier 2 changes polarity when 

le:.| > Je] or 
MKAt —K>K 
MAt > 2 


2 
On ie 

The time histories of €1, e2 and eg; 
are as shown in Fig. 2. From this it 
can be shown that the period of the 
system is T = 4/M seconds. Thus if 
T = 2 seconds, the positive pulses 
represent the odd seconds and the 
negative pulses indicate the even sec- 
onds. This signal can be summed with 
the desired Y signal and put on the Y 
axis of an XY plotter to provide the 
timing marks. 

Since the frequency is defined by 
f = 1/2At = M/4, the circuit can be 
easily made frequency-modulated by 
putting a variable gain such as a 
multiplier in the input line of the 
integrator. 

With a slight modification, the 
same circuit can be made to give 
square pulses of unequal duration. 
The necessary change, the addition 
of a rate bias, is shown in Fig. 3. 


ANALOG TECHNIQUES—PULSE CIRCUIT 
Thomas C. Anderson (Lockheed-Sunnyvale) 
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K, = | Ke 

Since Amplifier 2 changes polarity 
with —(e, +e), there are two dis- 
tinct cases with which to deal. 
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The all new 60 amplifier .01% Donner 3200 is the first computer 
designed from the ground up to use the new iterative technique 


Every important assembly in the completely new Donner 
3200 series iterative computer combines better perform- 
ance and more features in less space than ever available 
before from any maker at any price. 


The user can start with as few as 10 amplifiers and expand 
to 60 as necessary. Two or more 60 amplifier computers 
can be slaved to solve more complex problems. This flexi- 
bility is the product of a new packaging concept which 
emphasizes modularity and etched wiring. The plethora of 
cables usually associated with computers is gone but hardly 
grieved. Note these other unique features and specifications. 


e NEW AMPLIFIER Bandwidth, 1 mc; drift, 20 microvolts 
per day; gain, 108; noise, 500 microvolts; output, +100 
volts @ 20 milliamps. Three types of dual amplifiers are 
available — integrators, summers and inverters. 


e NEW DUAL MULTIPLIER Solid state .05% quarter-square 
multiplier which can be programmed to function as multi- 
plier, divider, or 2 squaring networks. 


» NEW FUNCTION GENERATOR WITH STORABLE PRO- 
GRAMS Each module contains 2 independent 12-segment 
silicon diode function generators. Channels can be paral- 
leled to provide 24 line segments. Programs can be stored 
by simply unplugging and removing the inexpensive poten- 
tiometer element from the function generator. 


* 


® NEW POTENTIOMETER MODULE Each compact module 
contains 20 fused precision potentiometers mounted on 
the smoothest drawer slides we’ve ever found. Eighty po- 
tentiometers take only 7” of panel height. 


e NEW CONTROL CENTER Pushbuttons select these modes 
of operation: compute, hold, reset, automatic recycle, slave, 
audible overload indication, and automatic hold. A new 
reference potentiometer allows null voltage measurements 
accurate to 0.02%. Meter sensitivities which can be push- 
button chosen are 300, 100, 30, 10, 3 volts, zero centered. 


Forward and reverse relay logic is incorporated for either 
iterative or continuous operation. 


OTHER FEATURES The novel amplifier construction incor- 
porates a built-in jack field on every module which helps 
the user get a quality computer for minimum cost and later, 
when he adds the standard removable patch board, he can 
use the amplifier patching bay as a built-in simulation 
board. Several sizes of removable patch boards are avail- 
able both shielded and unshielded. All critical computing 
components are mounted in a temperature controlled en- 
vironment. 


DONNER owision 
—SVSTRON =DONNER 


CONCORD, CALIFORNIA 





Case I: 
eo = Ke 


Initially 
e: = Ke 
During the first increment of time 
e. = Ke — M(K2 + Ki) ts 
At the switching point: 


e1 4. @o = 2K2 — M(Kz + K:) At: = 0 
or 
2K: 


Au TE + KD 


Case II: 


eo = — K;z 
At the end of At; seconds 
e: = — Ke 
During the second increment of time 
e: = — Ke + M(Ke — Ki) Ate 


The switching occurs when 
a+ e= — 2Ke oh M(Kz — Ki) Ate ~ 0 


or 
2Ke 
M(Kz — Ki) 

This circuit is operative only when 
|K,| < Ke since when |K;| > Ko, the 
total input to the integrator will be of 
the same sign as K;. 

The period of the system is 


4 1 
T= At + At = i Ey | 
Kz 


Ate 





Since this circuit is extremely sensi- 
tive to the difference K2 — K,, the 
diode bridge limiter is necessary to 
prevent “creep,” which is caused by 
the softness of the shunt limiter. 
These circuits have been used quite 
successfully, and experimentation has 
shown that frequencies up to 60 cps 
may be obtained without difficulty. 

The output of this circuit can be 
both amplitude and frequency modu- 
lated, as can be seen from the follow- 
ing relationships. 


Amplitude Modulation 
Amplitude =A = 2Kz.. If the peri- 


od is a constant, then 


= (Ey | = a constant 
de ft 
Thus, if both Ks and K, are multi- 
plied by the same factor, the period is 


unaffected while the amplitude is 
changed by the multiplicative factor. 


Frequency Modulation 


1 
Frequency = f = T 
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Hence the frequency alone will be 
affected if M is altered. 


Pulse Width Modulation 
(Fixed Period) 

A third possibility exists in that 
the relative duration of the positive 
and negative periods can be regu- 
lated. Thus, the ratio of the duration 
of the positive pulse to the total peri- 
od is 


Comte LOI 
At =! M(Ke + Ki)_|4 K. 
Ke | K? — ES] 
ae es 7) K;? 


- (4 (Se4)- (FIC 





. . At . 
will produce the desired —;ratio. 





Information 
Without Theory 





We see by a 12-page news release 
that some big names in the East have 
finally taken to heart what we have 
been preaching in these columns for 
the past nine years. This is that 
Simulation is a powerful tool for 
the study of complex systems involv- 
ing the interaction of components, 
including people, which cannot be de- 
scribed in exact mathematical terms. 

These people, who are marketing 
their considerable talents under the 
name “Simulmatics”* are, as may 
be expected, simulating the hard way; 
they are using digital computers. 

This observer might be expected to 
predict that in another nine years, 
experience will have taught the found- 
ers of Simulmatics that for many 
kinds of simulation the analog com- 
puter is a far better tool than the 
digital. Certainly this is true when 
empirical studies require “dial twid- 
dling,” and it is true for those studies 
where it is desirable to preserve some- 
thing like a one-to-one correspond- 
ence between computer and real-life 
components, thus to gain an insight 
into the dynamics involved. And the 


*I wish to say really! And they are 
located at 501 Madison Avenue! !—Ed. 











analog is certainly the better com- 
puter where it is important to ob- 
serve the interplay of factors while 
a solution is being sought rather than 
in retrospect. 

However, I will not make that pre- 
diction, but another: in another nine 
years the question of analog or digital 
computers for Simulation will have 
ceased to exist. Computers for simu- 
lation will operate internally with 
both continuous (analog) and dis- 
crete (digital) information, in such 
a way as to take advantage of the un- 
questionable superiority of each of 
these techniques for certain opera- 
tions. 

Here and now, however, some ex- 
cerpts from the Simulmatics news re- 
lease are of interest: 


“The new technique, “Simulmatics”, 
combines advanced applications of 
computer technology with the be- 
ravioral sciences. 

“By setting up a computer simula- 
tion of real life processes—e.c., intro- 
duction of a new product, communica- 
tion through mass media, flow of ur- 
ban traffic, economic development of 
new nations, systems of industrial 
production—Simulmatics can provide 
data, expressed in figures and words, 
showing the probable results of any 
one of hundreds or even thousands of 
courses of action. 

“Nothing like one hundred percent 
improvement is promised . . . but in 
areas where large expenditures and 
revenues are at stake the improve- 
ment in decision-making offered by 
simulation can be of enormous sig- 
nificance. 

“When it is necessary to consider 
all the human processes that take 
place in reality over days, months. 
and years, a computer imitation of 
life—what is called computer simula- 
tion—is reauired. 

“The difference is that, in contrast 
to the other techniques, computer 
simulation does not try to achieve 
purely mathematical solutions to dy- 
namic problems. Instead, relying on 
the tremendous speed of the com- 
puter, it tests out by trial-and-error 
highly complex human situations. 
Thus, computer simulation enables 
svecialists to take into account the 
discoveries of the social sciences—the 
science of human behavior. 

“The output is new data—in terms 
of sales results, audience ratings, 
production figeures—about the effects 
of decisions. It is as though this [sic] 
data has been collected in the future, 
rather than now. .. computer simula- 
tion gives executives an opportunity 
to simulate how people may react in 
the future to decisions still to be 
reached. 

“No major military decision deal- 
ing with battle strategy is made today 
without computer simulations. 

“Like human beings themselves, 
simulation operates on probabilities, 
not on pre-determined outcomes... 
years of human action and inter- 
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The all new 60 amplifier .01% Donner 3200 is the first computer 
designed from the ground up to use the new iterative technique 


Every important assembly in the completely new Donner 
3200 series iterative computer combines better perform- 
ance and more features in less space than ever available 
before from any maker at any price. 


The user can start with as few as 10 amplifiers and expand 
to 60 as necessary. Two or more 60 amplifier computers 
can be slaved to solve more complex problems. This flexi- 
bility is the product of a new packaging concept which 
emphasizes modularity and etched wiring. The plethora of 
cables usually associated with computers is gone but hardly 
grieved. Note these other unique features and specifications. 


e NEW AMPLIFIER Bandwidth, 1 mc; drift, 20 microvolts 
per day; gain, 108; noise, 500 microvolts; output, +100 
volts @ 20 milliamps. Three types of dual amplifiers are 
available — integrators, summers and inverters. 


e NEW DUAL MULTIPLIER Solid state .05% quarter-square 
multiplier which can be programmed to function as multi- 
plier, divider, or 2 squaring networks. 


» NEW FUNCTION GENERATOR WITH STORABLE PRO- 
GRAMS Each module contains 2 independent 12-segment 
silicon diode function generators. Channels can be paral- 
leled to provide 24 line segments. Programs can be stored 
by simply unplugging and removing the inexpensive poten- 
tiometer element from the function generator. 


- 


® NEW POTENTIOMETER MODULE Each compact module 
contains 20 fused precision potentiometers mounted on 
the smoothest drawer slides we’ve ever found. Eighty po- 
tentiometers take only 7” of panel height. 


e NEW CONTROL CENTER Pushbuttons select these modes 
of operation: compute, hold, reset, automatic recycle, slave, 
audible overload indication, and automatic hold. A new 
reference potentiometer allows null voltage measurements 
accurate to 0.02%. Meter sensitivities which can be push- 
button chosen are 300, 100, 30, 10, 3 volts, zero centered. 


Forward and reverse relay logic is incorporated for either 
iterative or continuous operation. 


OTHER FEATURES The novel amplifier construction incor- 
porates a built-in jack field on every module which helps 
the user get a quality computer for minimum cost and later, 
when he adds the standard removable patch board, he can 
use the amplifier patching bay as a built-in simulation 
board. Several sizes of removable patch boards are avail- 
able both shielded and unshielded. All critical computing 
components are mounted in a temperature controlled en- 
vironment. 
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Case I: 
€o = Ke 


Initially 
a= K, 


During the first increment of time 
e. = Kz. — M(K2+ Ki) th 
At the switching point: 


e1 +. Co = 2K2 — M (Ke + K;) At: = 0 
or 
2K 


oh Te +h) 


Case Il: 
o> K. 


At the end of At, seconds 
e = — Kz 
During the second increment of time 
e: = — Ks + M(Ke — Ki) Ate 


The switching occurs when 
e1 4- eo=> 2K2 a M(Kz _ K;) Ate ~ 0 


or 
2Kz 
M(Kz — K;) 

This circuit is operative only when 
|K,| < Ke since when |K;| > Ko, the 
total input to the integrator will be of 
the same sign as K;. 

The period of the system is 


T= At + At = TBF | 
-lk 


K Ab—At 4t—At 
K, Ate+ Ath T 


“Tey | 


Since this circuit is extremely sensi- 
tive to the difference Kz. — K,, the 
diode bridge limiter is necessary to 
prevent “creep,” which is caused by 
the softness of the shunt limiter. 
These circuits have been used quite 
successfully, and experimentation has 
shown that frequencies up to 60 cps 
may be obtained without difficulty. 

The output of this circuit can be 
both amplitude and frequency modu- 
lated, as can be seen from the follow- 
ing relationships. 


Amplitude Modulation 
Amplitude =A = 2Ko. If the peri- 


od is a constant, then 


= Ey | = a constant 
1- [e 


Thus, if both Ky and K, are multi- 
plied by the same factor, the period is 
unaffected while the amplitude is 
changed by the multiplicative factor. 


Ate = 





Frequency Modulation 
Frequency = f = - 
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Hence the frequency alone will be 


affected if M is altered. 


Pulse Width Modulation 
(Fixed Period) 


A third possibility exists in that 
the relative duration of the positive 
and negative periods can be regu- 
lated. Thus, the ratio of the duration 
of the positive pulse to the total peri- 
od is 
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will produce the desired oP ratio. 
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Without Theory 





We see by a 12-page news release 
that some big names in the East have 
finally taken to heart what we have 
been preaching in these columns for 
the past nine years. This is that 
Simulation is a powerful tool for 
the study of complex systems involv- 
ing the interaction of components, 
including people, which cannot be de- 
scribed in exact mathematical terms. 

These people, who are marketing 
their considerable talents under the 
name “Simulmatics”* are, as may 
be expected, simulating the hard way; 
they are using digital computers. 

This observer might be expected to 
predict that in another nine years, 
experience will have taught the found- 
ers of Simulmatics that for many 
kinds of simulation the analog com- 
puter is a far better tool than the 
digital. Certainly this is true when 
empirical studies require “dial twid- 
dling,” and it is true for those studies 
where it is desirable to preserve some- 
thing like a one-to-one correspond- 
ence between computer and real-life 
components, thus to gain an insight 
into the dynamics involved. And the 


*I wish to say really! And they are 
located at 501 Madison Avenue! !—Ed. 











analog is certainly the better com- 
puter where it is important to ob- 
serve the interplay of factors while 
a solution is being sought rather than 
in retrospect. 

However, I will not make that pre- 
diction, but another: in another nine 
years the question of analog or digital 
computers for Simulation will have 
ceased to exist. Computers for simu- 
lation will operate internally with 
both continuous (analog) and dis- 
crete (digital) information, in such 
a way as to take advantage of the un- 
questionable superiority of each of 
these techniques for certain opera- 
tions. 

Here and now, however, some ex- 
cerpts from the Simulmatics news re- 
lease are of interest: 


“The new technique, “Simulmatics”, 
combines advanced applications of 
computer technology with the be- 
ravioral sciences. 

“By setting up a computer simula- 
tion of real life processes—e.c., intro- 
duction of a new product, communica- 
tion through mass media, flow of ur- 
ban traffic, economic development of 
new nations, systems of industrial 
production—Simulmatics can provide 
data, expressed in figures and words, 
showing the probable results of any 
one of hundreds or even thousands of 
courses of action. 

“Nothing like one hundred percent 
improvement is promised . .. but in 
areas where large expenditures and 
revenues are at stake the improve- 
ment in decision-making offered by 
simulation can be of enormous sig- 
nificance. 

“When it is necessary to consider 
all the human processes that take 
place in reality over days, months, 
and years, a computer imitation of 
life—what is called computer simula- 
tion—is reauired. 

“The difference is that, in contrast 
to the other techniques, computer 
simulation does not try to achieve 
purely mathematical solutions to dy- 
namic problems. Instead, relying on 
the tremendous speed of the com- 
puter, it tests out by trial-and-error 
highly complex human situations. 
Thus, computer simulation enables 
svecialists to take into account the 
discoveries of the social sciences—the 
science of human behavior. 

“The output is new data—in terms 
of sales results, audience ratings, 
production firures—about the effects 
of decisions. It is as though this [sic] 
data has been collected in the future, 
rather than now . .. computer simula- 
tion gives executives an opportunity 
to simulate how people may react in 
the future to decisions still to be 
reached. 

“No major military decision deal- 
ing with battle strategy is made today 
without computer simulations. 

“Like human beings themselves, 
simulation operates on probabilities, 
not on pre-determined outcomes... 
years of human action and inter- 
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The all-new, 
all solid-state 
Philbrick 


P2 amplifier 


NO TUBES, NO CHOPPERS, NOTH- 
ING BUT PERFORMANCE. An 
ingenious arrangement of all 
solid-state components endows 
this operational amplifier with 
the most remarkable and ver- 
satile characteristics. Full differ- 
ential input: truly floating with 
respect to ground. No common 
mode error. Low input current: 
typically 10-"' amps. Low 
noise: typically under 10 micro- 
volts in the de to 1 ke range. 
Sub millivolt long term stability: 
less than 100 microvolts drift 
per day. Cool running: typically 
under 330 milliwatt dissipation. 
Wide band pass: typically under 
75 ke as a unity gain follower. 
High open loop gain: typically 
30,000. Its output delivers 1 ma 
at + 10 volts. The cast alu- 
minum housing fits right in 
your hand, 

Use the P2 for instrumenta- 
tion, analog computation, and 
other applications requiring 
high reliability and accuracy. 
Take advantage of its differen- 
tial inputs to perform high 


impedance operations. $210 
Truly low cost: . 


SOLID STATE POWER SUPPLY 
PR 150. For energizing at least 
10 P2 amplifiers, the PR 150 has 
extremely low noise, drift, and 
internal impedance. Regula- 
tion against load, less than 300 
microvolts. It provides up to 


150 ma at both plus and $285 
minus 15 volts. Price: . 


Please write for further information 





nes ee 


——— 





= 
GEORGE A. 


PHILBRICK 


naa 





RESEARCHES, INC. 


127 CLARENDON ST. BOSTON 16, MASS. 
COMMONWEALTH 6-5375, TWX; BS 1032, FAX; BSN 
REPRESENTATIVES IN PRINCIPAL CITIES 
EXPORT OFFICE; 240 W. 17TH ST., N.Y. 11, N.Y. 
TEL. CHELSEA 3-5200, CABLE; TRILRUSH 
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action can be simulated literally in 
minutes. Hypothetical history can be 
played out. Events can be posed and 
their effect on the course of the 
future can be determined. 

“Moreover, simulation does not 
make the mistake of assuming that a 
single set of circumstances produces 
only one possible outcome in human 
affairs. 

“By repeating the simulation proc- 
ess many times, a range of outcomes is 
produced. Each is dependent upon the 
fact of free choice in human behavior. 
The distribution of outcomes permits 
assessing the most probable future 
and its range of possible variations.” 





He Went Thataway! 


Lad Kovach, who— in addition to 
being chairman of the Steering Com- 
mittee of the Western Simulation 
Council—is Professor of Mathematics 
and Acting Head of the Department 
of Mathematics and Physics at Pap- 
perdine College, has received a part- 
time appointment as visiting profes- 
sor at the University of California at 
Los Angeles, where he will work with 
the Curriculum Study Committee in 
the Department of Engineering. 








Letters 


Dear Editor: 


I should like, with your kind permis- 
sion, to take this opportunity to ex- 
press some personal views of mine 
concerning ethical behavior of mem- 
bers of Simulation Councils, Inc. 

1. I think that during the election 
proceedings in the various local 
councils a member of Simula- 
tion Councils, Inc. should not 
nominate for office any person 
who is employed by the same 
employer (in the case of Govern- 
ment employees, the implication 
is two people working in the 
same facility). This sort of ac- 
tivity has taken place many 
times in the past, and on several 
occasions has resulted in the elec- 
tion of extremely competent and 
worthy people. However, I feel 
that these people would most 
likely have been nominated by 
others and elected in any case, 
and on the other side of the coin, 
many such nominations have been 
unsuccessful and have, if any- 
thing, embarrassed the person 
nominated. 

. I think that the Chairman of the 
Steering Committee of the re- 
gional council should maintain 
complete technical control over 
the regional council meetings. At 
various times and places in the 
past, some host organizations 
have completely dominated meet- 
ings held in their facilities. 
There have been occasions where 
this has been necessary because 
of the type of facility visited and 
the type of program planned that 
day. This is all to the good. But 
there have been other occasions 
where the host organization has 
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taken advantage of the op- 
portunity to make the meeting 
one long and thinly disguised 
commercial for his organization. 
. I think that vendors of analog- 
computing equipment should be 
extremely careful not to give the 
impression that they are using 
their positions and presence in 
Simulation Councils, Inc. for the 
direct commercial advantage of 
their company. Some of our most 
active and effective officials 
have been vendors. To these 
people I wish to extend my 
sincere thanks for their efforts 
and hope that they will continue 
to serve in these capacities. How- 
ever, there have been instances 
where a few people have used 
their positions unwisely. There 
have been instances where some 
vendors have tried to exploit the 
fact of their participation in 
Simulation Council meetings with 
blatant commercial tactics. I al- 
ways welcome a_ good, sound 
technical discussion—especially 
one which brings forth new tech- 
niques or discloses new hard- 
ware or indicates an area of 
future interest—but I decry the 
efforts of some who, when a 
competitor does attempt to make 
a contribution to the state of the 
art, merely yell in a loud voice 
“IT can do it too, only a little 
better.” 


I want to emphasize that the above 
thoughts are strictly my own and do 
not necessarily reflect the views of 
other members of the Board of Direc- 
tors nor of the Editor of the News- 
letter. I welcome discussion of these 
views by other members of Simulation 
Councils, Inc. and also urge you to 
submit any similar thoughts which 
you may have on these or other sub- 
jects in the general area of ethics. 

J. E. Sherman, Chairman 

Board of Directors 





SCI Activities 





Western Simulation Council 
meeting on “The Future of Analog 
Computation,” Hotel Ambassador, 
Los Angeles, California, 12 May 
1961. In spite of tape recorder fail- 
ure, F, C. Rieman and colleagues of 
Space Technology Laboratories were 
able to put together some interesting 
notes on this meeting, which we will 
edit and publish next month. 

Milt Aronson, editor of the front 
and back covers of this Newsletter, 
has also edited and sent to us one of 
the papers, “Simulation of Continu- 
ous Slab Heating Furnaces” by A. H. 
El-Waziri, presented at the July 10th 
meeting of the Midwestern Simulation 
Council at the U. S. Steel Company 
plant at Monroeville, Pennsylvania. 
This, with any other info we get on 
the meeting, will be reported in the 
near future. 

We have also received announce- 
ments of the following meetings: 





Western Simulation Council, 
Autonetics-La Palma, Anaheim, Cali- 
fornia; 14 September 1961. Papers 
presented were: 

“The Use of Computers in Arma- 
ment and Flight Control System An- 
alysis” by H. L. Ehlers; “Autonet- 
ics Simulation Facilities” by R. D. 
Blosser; “Combined Analog-Digital 
Simulation in Analysis of Minuteman 
Control System” by J. M. Johnson; 
“Human Factors Display and Simula- 
tion” by A. C. Poff and R. G. Kin- 


kade. 


N, RE- 
(ITERATIVE) 
« PROVEN RELIABILITY. 


Midwestern and Central Simu- 
lation Councils, joint meeting on 
“Generation of Functions of One or 
More Variables by Analog and Digi- 
tal Methods,” at Central Research 
Laboratory of Minnesota Mining and 
Manufacturing Company, St. Paul, 
Minnesota, on 18 September 1961. 
Papers presented: 

“A Photoformer Function Gener- 
ator for Two Independent Variables” 
by L. G. Polimerou; “Function Gen- 
eration Using Pot-Padders” by L. H. 
Fricke; “Using a Digital Computer as 
a Function Generator for an Analog 
Compnter” by Otto Reichardt; “Func- 
tion Generation Using Standard An- 
alog Elements” by F. J. Sansom. 


FOR ADDITIONAL ECONOMY. 
© PRE-WIRED FOR EASY, “PLUG-IN” 


SOLVING AND REPETITIVE 
WL CULE 
© ACCURACY TO 0.05%, 


© MODERATE COST.. 
COMPUTING ELEMENTS. 
© PLUG-IN STABILIZERS 


° OPTIONAL TEMPERATURE CONTROL OF 
FIELD EXPANSION. 


© ALL-ELECTRONIC MULTIPLICATIO 


FEATURES 


. HEAT 
» AUTOMATIC 


WAVE 


. TEACHING AID. 
. PROCESS CONTROL. 


BIOMEDICAL EQUATION 


. DIAGNOSIS. 
TRAINING .. 
. ON-LINE DYNAMIC SIGNAL 


. DYNAMIC PHYSICAL 
© GOVERNMENT—AEROSPACE SYSTEMS 


SYSTEM SIMULATION .. 
© /NDUSTRY—SERVO DESIGN .. 


ANALOG 
APPLICATIONS 
ENGINEERS 


The Orlando, Florida, Divi- 
sion of The Martin Company 
has immediate openings for 
analog applications engine- 
ers. While experience and/or 
an advanced degree is pre- 
ferred, engineers with BSEE 
and a strong interest in ana- 
log applications will receive 
definite consideration. 

Work will include study of 
missile system and simula- 
tion problems, and the form- 
ulation of advanced propos- 
als. Our engineers work with 
one of the largest automat- 
ically programmed systems 
in the country. 

Send your resume to Mr. 
C. H. Lang, SecliOl, The 
Martin Company, Orlando, 
Florida. 


ees 
MVE £4 FET A ae 


0 ee ee 


All qualified applicants will be 
considered for employment without 
regard to race, creed, color, or 


national origin. 
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TRANSFER PROBLEMS ... 
PROCESSING AND INSTRUMENTATION. 


EQUATIONS .. 
© MEDICAL—BIOLOGICAL PROCESS 


SIMULATION ... 
SOLUTION .. 
SIMULATION ... 
CHECK-OUT. . 
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TWIN CONTACT 
MINIATURES 


DC-AC 
CHOPPERS 


Eleven types, 
both single and 
double pole. 


Long life. 
Low noise level. 


Extreme reliability. 


Write for 
Catalog 515. 


STEVENS 


INCORPORATED 


ARNOLD 


7 ELKINS STREET 
SOUTH BOSTON 27, MASS 
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NEW 
STRUMENTS 





FIBER OPTICS CRT 


New fiber-optics Cathode Ray 
Tubes print recording directly from 
tube face without use of conventional 
lenses, up to 50 times faster. Avail- 
able with electrostatic deflection and 
focus for experimenters, and electro- 
magnetic deflection and focus for 
small spot size to full utilize high 
resolution. Both tubes have active 
fiber optics area of 2%” x 4%” com- 
posed of 1-mil fibers on 1-mil centers. 
—American Optical Co., Southbridge, 
Mass. 
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PRINTER CONTROL UNIT 


New Control Pedestal for Series 
4-1000 High Speed Line Printer 
houses all electrical and electronic 
components including solid-state ham- 
mer drive circuitry, power supplies, 
and power sequencing units. Buffer- 
ing and logic also can be included. 
Operates on single-phase 115v + 10%, 
60-cycle or three-phase 208v + 15%, 
60-cycle power.—Anelex Corp., 150 
Causeway St., Boston 14, Mass. 
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MISSILE FUEL VALVE 


New self-draining 

Model 1900 Control 

Valve is for high- 

energy exotic rocket 

fuel lines and for 

liquid manufactur- 

ing plants. Screwed 

or flanged connec- 

tions; bodies of car- 

bon steel, stainless 

type 304, 316 and 

347, Hastelloy “B” 

and “C”, Monel. 

Operation by pneu- 

matic Domotor, elec- 

tropneumatic or 

electrohydraulic cyl- 

inder, or handwheel.—Annin Co., Div. 

Worthington Corp., 1040 S. Vail Ave., 
Montebello, Calif. 
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CAPACITOR TESTER 


New automatic Capacitor Tester 
Model 8515 sequentially measures 
leakage current in as many as 50 
capacitors and records failures. Panel 
lights indicate unit under test. Also, 
Model 8514 Automatic Hypot sup- 
plies d-c potential continuously ad- 
justable from 0 to 20 kv for capacitor 
testing. Motorized control raises test 
potential at rate of 300 v/sec to any 
pre-set value, then returns to zero. 
Leakage current measurement ranges 
are 0-10 and 0-250 vamp.—Associated 
Research, Inc., 3777 W. Belmont Ave., 
Chicago 18, IIl. 
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PORTABLE STRAIN INDICATOR 


ks Peet. 

New portable Strain Indicator Type 
20 with digital readout has gage fac- 
tor range increased to 1.50 through 
4.50. Strains are read directly as 
sum of digital counter indication and 
“add-to-reading” setting. Accuracy on 
counter is 0.1% of reading.—Baldwin- 
Lima-Hamilton Corp., Electronics & 
Instrumentation Div., 42 Fourth Ave., 
Waltham 54, Mass. 
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INFRARED TEST SET 


New Model 16-110 Infrared Radia- 
tion Test Set radiometric measuring 
system tests or evaluates optical sys- 
tems, detectors, or detector elec- 
tronics. Basic set consists of motor- 
chopper assembly, detector-preampli- 
fier assembly, and synchronous recti- 
fier amplifier—Barnes Engineering 
Co., 30 Commerce Rd., Stamford, 
Conn. 
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ee ne rere Sensitive ‘ Compact : Practical 


Dusrovin VACUUM GAUGES 


Far More Sensitive Than Mercury Manometer 





Made expressly 
by WELCH 
For Moderately 
Reduced Pressures 


New sensitive Model 501 Detector 
measures d-c magnetic fields as low 
as one-quarter gauss, is based on 
Hall-effect, utilizes high-gain Siemens 
Hall generators without amplifiers; 
has only one mercury cell.—Hallitest 
Div., Instrument Systems Corp., 129- 
07 18th Ave., College Point, N. Y. e 
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SPARK GAP | . 


Pyrex-Brand or Soft-Glass Construction 


EASY TO INSTALL - 
CONVENIENT TO USE 


The Welch-Dubrovin Gauges are made in two basic types. One 9 
times and the other 6 times as sensitive as a mercury manometer. Be- 
cause of this “magnifying factor,” the gauge is as sensitive as a manom- 
eter which uses a liquid of low density, but has the advantage of using 
mercury which dissolves very few organic or inorganic vapors and 
which requires no conversion factor. Unlike mechanical or optical 
magnifying devices, any small errors due to capillarity, adhesion, etc., 


one yy ree, 


- ———_- 
ine pr th bik cine iss | « 


Range: 0.2 mm To 20 mm of Hg 


No. 1451 H 


No. 1451 C. . 
Wall Mounting 


Table Mounting 


New ceramic-metal, triggered 
Spark Gap GP-15 with 70-kv hold-off 


voltage handles peak currents greater 
than 10,000 amp. Triggering is by 
25-kv min pulse; delay time is 0.5 
usec at 80% of maximum hold-off volt- 
age. No filament power required.— 
Edgerton, Germeshausen & Grier, 
Inc., 160 Brookline Ave., Boston 15, 
Mass. 
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RADIATION PYROMETER 


ff 

New Model PY45 Pyrotel non-con- 
tacting infrared Radiation Pyrometer- 
Controller incorporates synchronous 
chopper for stability, sensitivity, and 
rapid response times of 20 msec, af- 
fording temperature readings on 
0.0003”-dia wire travelling at 5000 
ft/min. Features built-in relay to 
provide warning signals for manual 
adjustment or for automatic step con- 
trol of heaters——Mason Instrument 
Co., Inc., Dept. 45, 222 Valley PL., 
Mamaroneck, N. Y. 
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are not magnified. The smallest division on the 9-to-1 type is 0.2 mm 
and on the 6-to-1 type is 0.5 mm of Hg. Fractions of these values may 
be estimated. Both types are available with Pyrex-brand or soft glass 


in either table or wall mounting. 








PRICED AT $47.50 AND $55.00 


THE WELCH SCIENTIFIC COMPANY 


ESTABLISHED 1880 


1515 Sedgwick Street, Dept. B, Chicago 10, Illinois, U.S.A. 
Manufacturers of Scientific Instruments and Laboratory Apparatus 
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DIVIDER-COMBINER VALVE 


New Model 1467 Flow Divider- 
Combiner Valve divides pump output 
(up to 40 gpm) into two equal flows 
for simultaneous operation of two cyl- 
inders, or equalizes return flows of 
two cylinders to equalize piston 
speeds. Bulletin FF 20.—Waterman 
Hydraulics Corp., 725 Custer Ave., 
Evanston, Ill. 
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MULTIPLEX STEREO 


New Model 830 Multiplex Stero 
Generator operates with F-M signal 
generator, audio oscillator, and oscil- 
loscope to provide composite stereo 
signal in conformance with recent 
FCC multiplex decision, Docket 13506. 
—H. H. Scott, Inc., Instrument Div., 
111 Powdermill Rd., Maynard, Mass. 
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PRESSURE TRANSDUCERS 


©) 


Two new silicon-semiconductor 
strain-gage Pressure Transducers for 
absolute and gage pressures have 
sensing elements of piezo-resistive 
semiconductor materials: Model 3S-G 
low-pressure absolute transducer is 
made airborne or ruggedized. Pres- 
sure ranges: 0-10 to 0-100 psia for 
both models.—Fairchild Controls 
Corp., 219 Park Ave., Hicksville, L. I., 
N. Y. 
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A/D CONVERTER 


ee ae eee 


en Pee 


New transistorized analog-to-digital 
Converter Model 5000 makes 15,000 
complete voltage readings/sec, has 
overall accuracy of +0.01% + 1 
digit, features true bi-polar operation. 
Model 5000B provides output in 
straight binary. Both Models have 
digital readouts—Non-Linear Sys- 
tems, Inc., Box 728, Del Mar, Calif. 
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LAB BRIDGES 


New laboratory-standard Bridges 
permit checking synchros or resolvers 
to 20-ppm accuracy. Provide meas- 
urements in 5° steps 0-360°. Absolute 
accuracy 0-800 cps is 0.002%. Fre- 
quency range extends to 10 ke at re- 
duced accuracy.—Julie Research 
Labs., Inc., 603 W. 130th St., New 
York 27, N. Y. 
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MACHINE PLOTTING 


New Model 110 Log-Lin Keyboard 
permits rapid and efficient plotting of 
numerical data on either log or linear 
paper. Consists of keyboard and con- 
verter unit. Bulletin.—King Scientific 
Co., 316 Bucknell Rd., Costa Mesa, 
Calif. 
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DISPLACEMENT TRANSDUCERS 


& ei 
New line of universal Linear Dis- 
placement Transducers operate on 
differential transformer principle. In- 
put voltages 12 to 115 v; input im- 
pedances 150 to 5500 ohms; outputs 
10 to 35 v. Units have minimum phase 
shift, low null, high linearity —Dy- 
namic Measurements Co., Terwood 
Rd., Willow Grove, Pa. 
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OVERLOAD SWITCH 


ae 


New Dyna-Switch 
immediately stops 
motor when crane 
or hoist attempts to 
lift loads beyond 
preset limits. New 
cable socket feature 
permits installation 
in tight quarters. 
Safety factor rating 
is far in excess of 
strength of cable.— 
W. C. Dilion & Co., 
Inc., 14620 Keswick 
St. Van Nuys, Calif. 
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Ne 


rgon, helium, nitrogen, hydrogen, 
_. Harris Reverse Flow Check Valves 
all commercial gases . . . prevent cont 
hation of gases in regulators... prevent 
/ accidental mixing of combustible gases with 
oxygen to eliminate potential explosions . . . 
prevent reverse flow when mixing gases . 
prevent suck back on exhausted cylinders 
(important when using high purity gases). 


These new Check Valves have a very low 
cracking pressure (5 oz.), yet respond in- 
\ stantaneously to reverse flow for positive shut- 
off. They replace the outlet nipple and are 
ailable with all Harris line and cylinder 





Building World-wide Customer Confidey : 
THE HARRIS CALORIFIC COMPANY - 5501 
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TEMPERATURE CONTROLLER 


New time-proportioning Tempera- 
ture Controller for plastic molding 
and heat sealing machines, heated 
dies, etc. incorporates new safety fea- 
ture that prevents starting machine 
before material is up to operating 
temp or shuts down machine if heat- 
ing element fails to maintain correct 
operating temperature. Unit accu- 
rately proportions heat supply and 
maintains optimum temperature at 
all times..—Alnor Instrument Co., 420 
N. LaSalle St., Chicago 10, Ill. 
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PROCESS CONTROL COMPUTERS 


New PC-i2 line of Analog Com- 
puters for process control is assem- 
bled from stock, solid-state modular 
designed components. PC-12 comput- 
ers simultaneously and instantane- 
ously accept several inputs and com- 
pute several outputs based on com- 
plex mathematical relationships, can 
be used in closed loop control or as 
advisory devices for operator guid- 
ance.—Electronic Associates, Inc., 
Long Branch, N. J. 
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DATA LOGGER 


New high- 
speed Data 
Logging Sys- 
tem accepts up 
to 16 analog 
data inputs, 
multiplexes 
and converts 
them into dig- 
ital values, 
and records 
data on mag- 
netic tape in 
exact com- 
puter format. 
Over-all accu- 
racy is 0.1%. 
—Epsco, Inc., System Div., 275 Mass- 
achusetts Ave., Cambridge, Mass. 
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Patented in the U.S.A., and in foreign countries 
U. S. Patents: Re. 21934, 2294869 


The tension in the stain- 
less steel heir spring 
maintains smooth, con- 
tinuous contact between 
the cam facing and the 
helicoid roller. 


The roller is stainless 
steel with o highly pol- 
ished helicoid surface. 


The roller pivot is ball 
shaped, and rides on 
@ grophited Bakelite 
dise. 


‘The hairline pointer ad- 


justment screw is stain- 


less steel. 


The cam sector is stain- 
less steel, 


Standard bushings are 
rigidized Teflon. 


The connecting link 


The polished com 
facing is graphited 
Bokelite. It will not 
warp or distort. 


is ot the rear to facili- 
tate calibrating the Hel- 


icoid 


The link adjusting screw 


Exclusive Helicoid movement provides... 
Sustained Accuracy... on the toughest jobs 


@ Helicoid Gages have no gears, no teeth, reducing wear to an 
absolute minimum. No danger of fouling, either—rolling action 
of cam facing keeps contact surface clean. Helicoid Gages have 
been tested through 75,000,000 cycles, with virtually no wear or 
loss of accuracy, while conventional geared gages became useless 





after 500,000 cycles. 


Helicoid Gages give sustained accuracy even when subjected to 
violent pressure pulsations or mechanical vibrations. Pointer can 
be set externally, without removing glass, and cannot be jarred 
out of position. Dial faces are easy to read, won’t corrode or 
chip. A full range of Helicoid Gages is available for any applica- 
tion. Next time, specify Helicoid—the gage that stays accurate. 


»},, Bourdon Tubes 
won't Stretch, 
Leak, or 
Crack 


Helicoid Bourdon tubes are 
made from seamless tubing, and 
are designed for maximum 
torque and minimum stress. 
At the factory, each tube is in- 
dividually tested, overpres- 
sured, and stress relieved. Four 
materials—alloy steel, K Monel, 
stainless steel, and phosphor 
bronze—are available to meet 
applications ranging from tap 
water to almost any acid. ; 


WRITE for details 





NEW! 
Solid-Front 
Safety Case 
Gives Added 
Protection 


The new Helicoid solid-front 
case diverts the force of a burst 
in a backward direction, away 
from the operator. The force 
escapes by deforming, though 
not detaching, the back cover 
plate. Helicoid Gages are also 
available in phenol, acaloy 
flanged, acaloy flangeless, pol- 
ished flangeless, round flush, 
polished flush ring, and square 
flush cases. 


Ask for Catalog DH-65 


HELICOID GAGES 


Helicoid Gage Division - American Chain & Cable Company, Inc. 





929-B Connecticut Ave., Bridgeport 2, Conn. — 


co 
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TIME 


VECTOR 1024 TIME CODE wgpuatnisia pr 


4} measurement 
gp allows entry 


em or con 


Write for further information. 


VECTOR MANUFACTURING CO., INC. 
Commercial and Industrial Division 
V Southampton, Pennsylvania 
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FLOW ALARM 


Flow Indica- || 
tor with in- @ 
tegrally 
mounted ad- 
justable alarm 


| has plug ris- 


ing and fall- 


jing with 


changes in 
flow rate. Op- 
erating read- 
type alarm 
switch adjusts 
in range of ee — 
0.05 to 10 gpm.—Schutte and Koert- 
ing Co., Instrument Div., Cornwells 


| Heights, Bucks Co., Pa. 
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SHUT-OFF VALVES 
New IP-L/ 


| TEMP line of vo 


Automatic 
Shut-off 


| Valves provid- 
| ing dual auto- i: 


matic safety © 


| by closing on 


either increas- 
ing pressure 


| and ambient 


temperature 

or both in- 

corporates 

diaphragm 

which senses 

line pressure and programs valve in- 
to “close” position whenever line pres- 
sure exceeds pre-determined level. In 
addition, fusible plug with pre-de- 
termined temperature setting is acti- 
vated when ambinent thermal point 
is reached.—Security Valve Co., 909 
El Centro Ave., South Pasadena, 
Calif. 
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WAVE — ——— 


New DY-5844 
Automatic 
Waveform 
Measuring Sys- — 
tem measures © 
time intervals 
between any 
two points 
chosen from 0- 
100% level of 
either stimulus 
or response 
pulse. Accuracy 
is better than 
+4% of full 
scale, +0.4 & 
nanoseconds. System features dual in- 
puts to measure stimulus and re- 
sponse pulses simultaneously; oscillo- 


| scope monitoring of both pulses sim- 


ultaneously; and high speed, with se- 
lected parameters measured in % sec. 
—Dymec Div., Hewlett-Packard Co., 
Palo Alto, Calif. 
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Increased technical re- 
sponsibilities in the field 
of range measurements 
have required the crea- 
tion of new positions at 
the Lincoln Laboratory. 
We invite inquiries from 
senior members of the 
scientific community in- 
terested in participating 
with us in solving prob- 
lems of the greatest ur- 
gency in the defense of 
the nation. 


RADIO PHYSICS 
and ASTRONOMY 


RE-ENTRY PHYSICS 


PENETRATION AIDS 
DEVELOPMENT 


TARGET 
IDENTIFICATION 
RESEARCH 


SYSTEMS: 
Space Surveillance 
Strategic Communications 
Integrated Data Networks 


NEW RADAR 
TECHNIQUES 


SYSTEM ANALYSIS 
COMMUNICATIONS: 


Techniques 
Psychology 
Theory 


INFORMATION 
PROCESSING 


SOLID STATE 
Physics, Chemistry, 
and Metaliurgy 


*A more complete descrip- 
tion of the Laboratory’s 
work will be sent to you 
upon request. 

All qualified applicants will receive con- 


sideration for employment without regard 
to race, creed, color or national origin. 














Research and Development 


LINCOLN LABORATORY 
Massachusetts institute of Technology 
BOx 35 
LEXINGTON 73. MASSACHUSETTS 





IMPERVIOUS GRAPHITE VALVE 


New single-seated Control Valve 
utilizes impervious graphite in split- 
body construction. Unaffected by cor- 
rosives and immune to effects of 
thermal shock. Available with quick- 
opening, equal-percentage, and linear 
plugs, and Fisher Governor topworks. 
—Falls Industries, Inc., Solon Ohio. 

CIRCLE 262 ON READER-SERVICE CARD 


DIRECT piace DIP 


New Model S-C 1090 Direct-view 
Display Console for monitoring dig- 
ital computers provides information 
display of extremely high resolution 
and brightness on CHARACTRON® 
shaped beam tube. Displays well over 
1000 characters on tube face.—Gen- 
eral Dynamics/Electronics, Informa- 
tion Technology Div., 1895 Hancock 
St., San Diego 12, Calif. 
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nfidence 
POSITIVE DISPLACEMENT Co 
METER | In a 


quality product 


The fast response, wide dynamic 
range, high gain and light weight 
of an Airpax MAG AMP provide 
the systems engineer with that 
extra degree of versatility which 
permits a successful design rather 


than a marginal system. 


New Niagara Electrivolume Meter 


automatically delivers pre-set quan- 
tity of liquid, actuates other Electri- AIRPAX —_ 
volume Meters from master meter. ELECTRONS _——— 
Can be used to start or stop pumps, 
to operate solenoid valves, signaling 
devices, electric relays and other 
processing equipment.—Buffalo Meter 
Co., 2906 Main St., Buffalo 14, N. Y. 
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SEMINOLE DIVISION «+ FT. LAUDERDALE, FLA. 
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TIME PROPORTIONING 
TEMPERATURE CONTROLLER 
with ADDED SAFETY CIRCUIT 


Designed for controlling the temperature for all plastic molding and heat sealing 
machines, heated dies, ovens and cooking vessels 

The added safety features of the New Alnor Pyrotroller makes it a distinctive 
instrument in the temperature control field. 

A special circuit prevents starting the production machine before the tem- 
perature of the material handled is up to the correct operating temperature. 
This same circuit will automatically shut down the machine if the heat source 
fails to keep the material up to the correct operating temperature thus prevent- 
ing mechanical damage to the machine. 

This safety feature is equally valuable on heat sealing machines or cooking ves- 
sels to prevent operating at a temperature that would result in a faulty product. 

The Pyrotroller operating parts are few in number and of a high order of 
reliability. Each component is oversize for its required performance to permit 
operating well below its rated capacity. This engineering philosophy results 
in a very reliable instrument of long trouble free field life. The extremely rugged 
construction of the Pyrotroller makes it highly resistant to machine vibration 
and its unusual accuracy in proportioning the heat supply enables it to maintain 
the optimum temperature at all times. 


Scale ranges 0-400° F to 0-3000° F. Engineering service available on special applications 


REAR OF N-IS-A SV. LINE 


THERMOCOUPLE 


























CONTACTORS 


445 


MoTOR 





























Wiring diagram for plastic molding machine ap- 
plication and backview showing plug-in feature 


re 
a 


ALNOR INSTRUMENT CoO. 





Division of Illinois Testing Laboratories, Inc. 
Room 518, 420 N. LaSalle St., Chicago 10, Illinois 
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HIGH-SPEED TRANSCEIVER 
<— 


New HC-270 transistorized digital 
data Transceiver is for high-speed 
serial transmission at rates up to 
4,800 bits/sec. Information is coded 
on single tone in form of four orth- 
ogonal phases. and decoded by ele- 
ment-to-element comparison.—Hughes 
Aircraft Co., Communications Div., 
Box 90-902, Los Angeles 45, Calif. 
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COUNTERS 


New Mark II Series Counters, 
angle units for military and com- 
mercial applications, provide continu- 
ous displays from 0° to 359.9° for 
same direction of shaft rotation re- 
turning then to 0°; or 0° through 
359°. Units are equipped with Geneva 
drives, have torque levels down to 
0.1 in-oz, slew speeds up to 2500 rpm. 
—Kearfott Div., General Precision, 
Inc., 1150 McBride Ave., Little Falls, 
Nod 
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TEMP CONTROL SYSTEM 


New 30-lb Compact, completely 
packaged Temperature Control Sys- 
tem, provides integrated combination 
of temperature sensing and power 
control. Standard units are 4 kva at 
117 v and 8 kva at 230 v, available 
to 33 kva at 230 v. Compact can be 
used on any furnace or load equal or 
less than its rated load without con- 
cern for matching.—Loyola Labora- 
tories, 6415 W. 89 St., Los Angeles 
45, Calif. 
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RESISTANCE 
THERMOMETERS 
by REC..... 

-435 to+1800° F 


Whether you are concerned 
with temperature measure- 
ments at —435° F or +1800° F 
there is a wide variety of 
REC temperature probes to 
fit your requirements. REC 
specializes in the design of 
high precision temperature 
probes, using highest purity 
platinum resistance elements. 


Care and skill during manu- 
facturing result in strain-free 
probes of highest stability. 


Write for New Catalog No. 
66030 for further information 
on REC’s many Temperature 
Probes, Pressure Trans- 
ducers, Pitot-Static Tubes. 


ROSEMOUNT 


COMPANY 
® 
MINNEAPOLIS 24, MINNESOTA 


4900 WEST 78TH ST 
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SECON / engineered 


component 
wire 


drawn to your 

specifications 

down to.00025” 
in base and precious 
metals and alloys 


These wires can be supplied bare, 
enameled, ceramic insulated for 
use at 1000° F., or electroplated— 
to close tolerances. 


Let our research and development 
staff solve your wire problems. For 
more information please write 
today to Secon Metals Corporation, 
7 Intervale Street, White Plains, 
N. Y. (White Plains 9-4757). 


SECON 





METALS 


CORPORATION 
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MICRO-MICRO AMMETER 


New low-drift (less than +2% of 


| full scale per week) Micro-micro Am- 





meter Model R660 has highly-stable, 
temperature-compensated, transistor- 
ized amplifier with electrometer-tube 
input which produces almost 100% 
feedback. 20 ranges: 3 x 10° to 1 x 
10°” amp full scale-——Radiation Tech- 
nology, Inc., Atlanta, Ga. 
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MINI HI PRESS TRANSDUCER 


New low-cost Series HPT-10 Trans- 


| ducer providing potentiometric output 


with very wide pressure range cover- 
age features simple design, tempera- 
ture of —55°C to +100°C. Full scale 
range is 0-100 to 0-10,000 psig with a 
static accuracy band of +1.5% or 
better available on most pressure 
ranges. Resolution is 0.22% to 0.33%. 
Bulletin HPT-10.—IJnstrument Sales 
Div., DeJur-Amsco Corp., 45-01 North- 
ern Blvd., Long Island City 1, N. Y. 
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ELECTRONIC IMPULSE 
COUNTER 


© 


New Electronic Impulse Counter 


| counts 100 impulses per second with 
| a new type electromagnetic stepping 





motor. Guaranteed life is 500 million 
counts; is available with either 5 or 
6 figure drums and can be operated 
with electromagnetic or mechanical 
zero reset.—Ringsdorff Carbon Corp., 
Box 22, E. McKeesport, Pa. 
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THERMOCOUPLE 
ASSEMBLIES 


More than 100 complete T/C assemblies, 
available in a range wide enough to cover 
most applications in any industry, under 
any environmental conditions. Included 
are straight, angle, high-speed, high- 
temperature and spring-loaded assem- 
blies. They are among many thousands 
of accessories—all available from a 
single dependable 

source—to help 

your instruments 

perform at their 

best. 


Get details from 
your Honeywell 
field engineer, or 
write today for 
Catalog G100-1. {| 


MINNEAPOLIS-HONEYWELL, Wayne and 
Windrim Avenues, Philadelphia 44, Pa. 
In Canada, Honeywell Controls, Ltd., 
Toronto 17, Ontario. 


Honeywell 


tee6 
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EXPANDED SCALE VOLTMETER 


New Expanded Scale Recording 
Voltmeter features solid-state cir- 
euitry, full-scale voltage presentation, 
mechanical and electrical zeros; uses 
permanent-magnet moving-coil meas- 
uring system. Accuracy is +1% of 
full scale value on de or ac (sine 
wave); response speed is % sec for 
full recording of voltage change.— 
Esterline Angus Instrument Co., Inc., 
Box 596, Indianapolis 6, Ind. 
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PHASE UNIT 


ty 6 


+ Te 
New Model 526D Phase Unit de- 
signed as plug-in for Models 524B/ 
C/D electronic counters measures any 
lead or lag phase angle between two 
signals in 1-cps-to-20-ke range. Ac- 
curacy is +0.1° + (F,/F.) x 360°, 
where F, is frequency of phase-meas- 
ured signal and F. is counted fre- 
quency—Hewlett-Packard Co., 1501 
Page Mill Rd., Palo Alto, Calif. 
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MINI DECADE COUNTER 


New Model F1601 Miniature Dec- 
ade Counter with in-plane display op- 
erates on 12 v; has modular construc- 
tion, flexible cable with printed cir- 
cuit or Amphenol connector, frequen- 
cy response of 200 kc, less than 5 
usec pulse resolution.—Robotomics 
Enterprises, Inc., 4624 E. Garfield, 
Phoenix 8, Ariz. 
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Bistable Amplifier for 
@ static relay control 


i i 
Richard B. Doorley, Mgr., New Products Div. 
Railway Maintenance Corp., Pittsburgh, Pa, 


: “Norbatrol helped us cut 


R&D time by 1 year with 
this Bistable Amplifier” 


“Norbatrol’s Bistable Amplifiers solved many 
control problems in redesigning our McWilliams 
Jack-and-Production Tamper from manual to 
reliable, automatic operation. Now this RMC 
railroad surface machine operates electroni- 
cally—improves grade and cross level to ac- 
curacies never previously accomplished. And 
we got a bonus,”’ Mr. Doorley continues, ‘‘these 
rugged, reliable static relays cost less than 
alternate systems.” 

You, too, can speed development and pro- 
duction time with the ultrasensitive Bistable 
Amplifier—it replaces mechanical relays in 
critical control and regulating applications. 
The Bistable incorporates silicon controlled 
rectifiers, magnetic amplifiers and attendant 
circuitry to give multiple inputs as low as 
5 x 10-8 watts, fast response, high gain and a 
current output of 1 Amp at an 85° C. ambient. 


GET THE FACTS on design 
and application data—write for 
technical bulletin CS60. 
NE-1 =————_ 


’TrLILictl 
NORBATROL 


Electronics Corp. 
DEPT. D 356 Collins Avenue 
Pittsburgh 6, Pennsylvania 
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SOLID-STATE ANNUNCIATORS 


New solid-state Annunciators in- 
clude miniature Model 360 plug-in 
module (shown), “smallest annuncia- 
tor presently available” (%” x 1%” 
x 10”), and Model 361 plug-in modules 
supplied for conventionally sized (2” 
x 3”) nameplates. Units operate from 


ac or de. Bulletin 3060.—Instrument 
Div., Thomas A. Edison Industries, 


McGraw-Edison Co., West Orange, 
N. J. 
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METER CALIBRATOR 


Model 600 Meter Calibrator is now 
provided with calibration data which 
permits calibration to accuracy of 
0.5% for instrument repair work, 
production floor testing, etc. Unit 
provides 14 a-c and d-ce voltage 
ranges, 138 d-c current ranges and 
precision resistance decade.—Mid- 
Eastern Electronics, Springfield, N. J. 
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AIR DRYER 


New Type BZ Lectrodryer for com- 
pressed air and gases features sim- 
plicity, interchangeable parts, few 
moving parts, automatic operation. 
Unit works on 6-hr cycle, adsorbs 
moisture, heats for regeneration and 
cools; instrumentation permits check- 
ing at glance.—Pittsburgh Lectrodry- 
er Div., McGraw-Edison Co., 32nd St., 
Pittsburgh 30, Pa. 
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What does 989°F look like? 


One° more than 988. And CEC’s Platinum Resistance Temperature 
Transducer (4-501) knows the difference. Measuring precise tempera- 
tures from 0° to 1000°F, it’s as new as today’s weather. Its special 
features include all-weld, stainless steel construction, fast response 
—less than 100 milliseconds, and strain-free ceramic core mount. 
Need one? Call your CEC office or write for Bulletin CEC 4501-X1. 


CEC 


Transducer Division 
CONSOLIDATED ELECTRODYNAMICS 


PASADENA, CALIFORNIA - A SUBSIDIARY OF BELL & HOWELL 
CIRCLE 99 ON READER-SERVICE CARD 
October 1961—Instruments & Control Systems—Page 1903 





= VSN) }HNAvpesvsnspp naan 














COLD END LEAD 
BREAKAGE 
ELIMINATED 


in MgO thermocouples 


POTTING ENVELOPE STRAIN HARNESS STAINLESS STEEL SPRING 


FIBRE GLASS INSULATION 


CON-0-CLAD THERMOCOUPLE ELEMENT 


Pei it: D4 


T-3 TERMINATION 


Optimum MgO thermocouple performance (and ultimate 
economy) requires that no phase of design or manufac- 
ture be overlooked. Conax demonstrates this fact from 
tip to termination. The T-3 termination's exclusive strain 
harness design takes all the stresses on the lead wires 
away from the thermocouple wires. Conax builds in addi- 
tional value by electrically welding the junctions, thus 
eliminating corroding and contaminating fluxes that 
shorten thermocouple life. These are just a few of the facts 


that make Conax the truly economical thermocouple buy. 


TAKE A TIP =- GET ALL THE FACTS ON: 
Con-O-Clad...ask for catalog 300 


Thermocouple Assemblies ...ask for 
catalog 1890 


Electrode Giands... ask for catalog 960 


Standard “24 Hour Delivery" thermo- 
couplies...ask for catalog 2400 


SUB-FHP MOTORS 


New line of explosion-proof, sub- 
fractional-horsepower Motors is avail- 
able in 1-, 2-, or 3-phase induction or 
synchronous types from 1/150 to 1/20 
hp; also torque or dynamic brake 
types. Two-, four-, and eight-pole 
models give corresponding synchron- 
ous speeds of 3600, 1800, and 900 rpm. 
U/L approved for operation in Class 
I, Group D and Class II, Groups F 
and G environments.—Holtzer-Cabot 
Motor Div., National Pneumatic Co., 
Inc., 125 Armory St., Bosten 19, Mass. 
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THERMOCOUPLE et el 


scatman: 


i. 

New Felsen ‘saioleas steel aE 
couple Assembly with small pad weld- 
ed at hot junction for skin tempera- 
ture sensing is coiled to allow for ex- 
pansion and contraction of heater 
tubes. In use, pad and sheath are 
welded to large diameter heater tubes 
and accurately transmit temperature 
measurements.—Trinity Equipment 
Corp., Rt. 281, Cortland, N. Y. 
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DIAPHRAGM VALVES 


New No. 171 
Type D Series 
single-seated, 
pressure -reduc- 
ing Diaphragm 
Valves contain 
“O”-rings that 
eliminate use of 
stuffing boxes, 
reducing main- 
tenance. Bronze 
body valves are 
for working 
pressures to 300 
psi up to 500°F; 
steel body 
valves are for 
600-psi working pressure. Valves con- 
trol pressure of steam, fuel oil, wa- 
ter, gas, or air where tight sealing is 
required. Catalog Sheet 171.—Atlas 


€ a n qi xX hy ORP ORA TION Valve Co., 280 South St., Newark 
14, N. J. 
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2305 Walden Avenue Buffato 2S, New York 
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PHASE ANGLE VOLTMETER 


New all- 
transis- 
torized Phase 
Angle Voltme- 
ter Model VM- 
235 combines 
functions of 
a-c voltmeter, 
phase meter, } 
phase-sen- is 
sitive null in- 
dicator, and 
power-factor meter; measures sepa- 
rately in-phase and quardrature com- 
ponents of signal. Features rugged 
MIL-type, sealed meter, shielded in- 
puts for signal, reference, power and 
chassis ground, plug-in, and all solid 
state amplifiers—North Atlantic In- 
dustries, Inc., Terminal Dr., Plain- 
view, L.I., N. Y. 
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SEMI-CONDUCTOR TRANSDUCER 


OE tates 
& 


New PT-500, “first strain-gage 
transducer to provide high output 
signal without amplification,” is 
available for gage, absolute, and dif- 
ferential pressure ranges of 0-10, 
0-50, 0-250, 0-500 and 0-1,000 psi. Out- 
put signal is nominal 5 v at 1000 
ohms; transducer withstands up to 
50% overload, depending oi: pressure 
range; accuracy is within 1% of full 
scale.-—Dynisco Div. American Brake 
Shoe Co., 42 Carleton St., Cambridge 
42, Mass. 
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FRINGE MEASURING SYSTEM 


New Moire Fringe 

Measuring System 

developed for con- 

tinuous path control 

of machine tools can 

be used for evalua- 

tion of bubble cham- 

ber photographs, 

film analysis in gen- 

eral, photogram- 

metry, spectrum 

analysis, measure- 

ment of recorded 

traces, remote meas- 

urement of radio- 

active specimens, 

and automatic set- 

ting of X-ray and neutron diffrac- 

tometers. Essential element of system 

is length of optical diffraction grating 

having precisely known number of 

lines per unit length—Ferranti Elec- 

tric, Inc., Electronics Div., Indus- 

trial Park No. 1, Plainview, L. I., 
Nn. F. 
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WHICH VALVE 
CLOSES FASTER? 


Unlike the many turns required to operate a needle valve, the Hydro- 
matics FLOeBALL 715, shown on the bottom, closes instantly with a mere 
VY turn... positive action at flow pressures up to 3,000 psi with just a 
10 inch-pound torque! And the arrow-shaped handle shows both open and 
closed positions at a glance. Exclusive FLO*BALL straight-thru design has 
maximum flow efficiency—more than double the flow of needle valves. 

Ideal for leakproof control of air, vacuum, steam, water, fuels, oils, 
kerosene, alcohol, etc., the FLO*BALL features zero leakage, universal 
mounting, removable flanges, and all stainless steel construction. 

Write today for a complete catalog describing this valve and others 
for corrosive and cryogenic media. Also special designs for throttling 
flow control. 


The FLO*BALL costs no more than 
old fashioned screw-type valves! 


Hydromatics, Inc. 


BLOOMFIELD, N. J. e PILGRIM 8-7000 e TWX=BLOOMFIELD, N. J. 120 
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Pressure: to 540 psi. 
Ten orifice sizes: %4" through 4”. 


Wide voltage range: standard with 
115V. AC.; also 12, 24, 208, 230, 460V. 
AC. 50/60 cycle. 


Body: brass bar stock or 18-8 stain- 
less steel. All moving parts, stain- 
less. Seat disc, synthetic rubber. 
Sizes, %” and %" NPT. Both con- 
duit and grommet types. 


Underwriters’ listed as a safety valve 








Yes, ‘‘Master-mite’’ is the 
mighty mite of solenoid valves. 
Useable on a wide range of me- 
dia including hydrogen, acety- 
lene, etc. Works right in any 
position. Small, but with extra 
strength in the Marsh manner. 
Coils never overheat. Leak 
tight. Remarkably quiet. 


rah for special bulletin 


MARSH INSTRUMENT COMPANY 
Division of Colorado Oil & Gas Corporation 
Dept. 42, Skokie, Ill. Marsh Instrument & 
Valve Co., (Canada) Ltd., 8407 103rd St., 
Edmonton, Alberta. Houston Branch 
Plant, 1121 Rothwell St., Sect. 15, Houston, 
Texas. Eastern Seaboard Warehouse: 
Marsh Instrument Company, 1209 An- 

derson Ave., Fort Lee, N. d. 


MARSH 


GAUGES - THERMOMETERS 
VALVES 
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LATCHING RELAYS 


rating) and LGB (10-amp contact 
rating) electrical latch, electrical re- 
set Latching Relays in a-c and d-c 
coil voltages have only two moving 
parts. SPDT (1C), DPDT (2C) and 
3PDT (3C) contact arrangements are 
adaptable to many control and over- 
load applications.—Electronics Div., 
Elgin National Watch Co., 2435 N. 
Naomi St., Burbank, Calif. 
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POINTER GALVANOMETER 


New Model H2000 Pointer Gal- 
vanometer for use in panel or port- 
able null-type instruments is taut- 
suspension, moving-coil instrument. 
Resistance values from 10 to 1000 
ohms, sensitivities from 1.25 to 0.15 
wamp/mm scale division are avail- 
able. Period is 1.2 seconds.—Howell 
Instruments, Inc., 3479 W. Vickery 
Blvd., Fort Worth 7, Tex. 
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UNBALANCE INDICATOR 


“a 


New portable Pulse Synchronized 
Unbalance Indicator (PSUI) electron- 
ically determines amount and angle 
of vibration caused by unbalanced ro- 
tating part. Filtering is by synchron- 
ous rectification circuits rejecting 
noise through operating range of 500 
to 5000 rpm (standard), to 50,000 
rpm (special.—General Motors Re- 
search Laboratories, 12 Mile and 
Mount Rds., Warren, Mich. 
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CAMERA 


New C-13 Camera for direct re- 
cording of oscilloscope traces accepts 
Polaroid or conventional film, utilizes 
unique sliding back, 6 lenses in vary- 
ing object-to-image ratios, and maxi- 
mum aperture to f/1.5. Features one- 
hand portability, lift-on mounting, 
swing-away hinging.—Tektroniz, Inc., 
Box 500, Beaverton, Ore. 
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PRESSURE REGULATOR 


New low- o 
cost Regulator 
features pre- 
cise repeata- 
bility and but- 
ton control 
permits turn- 
ing regulator 
on or off with- 
out disturbing 
adjustment 
setting. In 
“off” position, downstream pressure 
is reduced to zero; in “on” position, 
downstream pressure repeats to orig- 
inal setting—Benbow Mfg. Corp., 
11920 Jefferson Blvd., Culver City, 
Calif. 
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RADIATION PYROMETER 
os 


New KUSTOTHERM Surface Ra- 
diation Pyrometer for contactless 
temperature measurement of plastics, 
wood, etc. has swivel radiation head 
which can be directed against ver- 
tical, horizontal or slanted surfaces. 
Range is 125° to 480°F, subdivided in 
two ranges. Does not require batteries 
or any other power source. Bulletin. 
—Epic, Inc., 150 Nassau St., New 
York 38, N. Y. 
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A STITCH IN TIME......... 


...can fly missiles on schedule ... keep planes flying ... and sustain 
industrial operations. Delays due to calibration verification of pressure sensing 
devices can now be eliminated completely with the use of Futurecraft’s new 
“Cali-System” method of pressure calibration. 

“Cali-System” now makes it possible to calibrate any pressure sensing 

device such as transducers, gauges, switches, etc., without removing them 

from the system and even while the system is functioning under full 

pressure. One man can carry the whole system — one man can operate it 

with complete safety ... without contamination ... in a fraction of the time 
normally required. Accuracies of one tenth of one percent over a pressure range 
of 0 to 10,000 PSI. Service and cost proven on such projects as Titan, Atlas, and 
Minuteman. Let us show you how to benefit from the amazing capabilities of 
“Cali-System” ... write... for information today. 


CORP.= 15430 Proctor Ave., City of Industry, Calif. = EDgewood 0-1611 = TWX-CVNA 9653. 
Bosc 
CIRCLE 103 ON READER-SERVICE CARD 
October 1961—IJnstruments & Control Systems—Page 1907 





; 


NEW BLH-BUILT INSTRUMENTATION 
INSURES MORE ACCURATE, VERSATILE 
STRAIN GAGE TRANSDUCER READOUT 











The complete line of mv/v instrumentation designed 
and built entirely by BLH now includes these 

new indicators for use with any strain gage 
transducer system. 


Type 60 Digital Indicator, shown at left above, 
is particularly suited to load, pressure and 
torque systems. It provides system accuracy to 
+0.25%——higher accuracies on special order. 
Designed for panel mounting or bench operation, 
it is available for fast delivery at a very 
reasonable cost. With the addition of this 
instrument, BLH now 
offers you a full 
choice of digital, 
disc or pointer 
indicators for 
industrial and 
laboratory 
applications. 


Type 65 Automatic Calibration Indicator, middle above, 
is among the most accurate of all BLH 
instruments. This portable unit automatically 


‘reads out in pounds—is used to calibrate a 


variety of load measurement systems and features 
automatic null balance, digital readout, plus 

a built-in check calibrate circuit. Instrument 
accuracy +0.05% of interval is standard. 


Type 25 Universal Indicator can be used with any 
BLH load, pressure or torque transducer by 
simply setting a gage resistance and mv/v output 
dial on the front of the instrument. Manually 
null balanced—digital indication— 
transistorized, lightweight and portable. 
Instrument accuracy is +0.1% of full scale. 
Durable Formica case. 


Write for data sheets or contact your nearest BLH 
sales engineering representative for information 
and a demonstration. 


BALDWIN - LIMA + HAMILTON FIRST 


Electronics & Instrumentation Division ) in force 
Waltham 54, Mass. —, 


SR-4° Strain Gages» Transducers «Temperature Sensors « Systems 
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PERFORMANCE COMPUTER 


New Bailey 710 Condenser Per- 
formance Computer produces continu- 
ous records of condensate flow, con- 
denser back pressure, cooling water 
inlet temperature, and condenser back 
pressure deviation for evaluation of 
condenser operation. Analog computer 
plots family of predicated condenser 
performance curves to determine ex- 
pected condenser back pressure for 
existing cooling water inlet tempera- 
ture and condensate fiow. Expected 
pressure is subtracted from measured 
actual pressure to give deviation from 
expected performance.—Bailey Meter 
Co., 1050 Ivanhoe Rd., Cleveland 10, 
Ohio. 
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PORTABLE CONTROL CENTER 


New portable Control Center, which 
can be set up or modified quickly, is 
controlled by 8-channel punched tape. 
Each of 8 channels _ incorporates 
SPDT latching relay; relays are 
turned on or off automatically by con- 
trol tape. Unit provides low-cost pro- 
gramming for metal-working equip- 
ment, etc.—Crestmont Electronics 
Div., Crestmont Consolidated Corp., 
2201 W. Burbank Blvd., Burbank, 
Calif. 
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ABSOLUTE VACUUM GAGE 


New Vacuum Gage covers in- 
termediate range of 0 to 10 
mm between manometer and 
McLeod gage. Using principle 
of thin-wall float, pressure 
range is magnified approximate- 
ly ten-fold to 100-mm_ scale 
length; has simple zero adjust- 
ment. Bulletin.—Roger Gilmont 
Insts., Inc., 1 Great Neck Rd., 
Great Neck, N. Y. 
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1. CIRCLE THE NUMBER, on one 
of the cards, that corresponds 
to the number appearing with 
the advertisement, new prod- 
uct description or new man- 
ufacturer's literature. 


. PRINT YOUR NAME, title, com- 
pany, address, etc. clearly. Un- 
readable cards defy even 
punched card machines! 
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A clean crisp copy each month and every month, 
completely free of "other reader" marks—no clip- 
or tear-outs—no creased, bent, coffee stained, dog- 
eared (or chewed) pages. 


MOA MNVHL "SOARS LSZLSV4 HOA VIVO BATIANOS HSINUNA 





And ... you get the full benefit of outstanding 
editorial material—solid application data, uncen- 
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sored by the scissor-wielding reader "up the list" 
from you—news that's still newsy—and unbroken 
“series continuity. 


Your personal subscription 


to INSTRUMENTS & CONTROL SYSTEMS vill as- 
sure you of receiving important coming special 
features on the following: 





NOVEMBER—Analytical Instrumentation 
and Stream Control 
DECEMBER—Current and Voltage Control 


JANUARY—Electrical Measurements 
FEBRUARY—Pressure Instrumentation 
MARCH—Programming and Timing 
APRIL—Flow Measurement and Control 
MAY—Temperature Measurement and Control 
JUNE—Telemetering 

JULY—Recording 

AUGUST—System and Data Instrumentation 


SEPTEMBER—Strain, Force, Tension 
and Weight 


OCTOBER—Process Instrumentation 
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Each issue also will include feature articles on other in- 
strument and control subjects, plus the regular monthly 
features: 


UADIANUANUANUAUIAAA Enter your pertoal subscription now—ase 
the postpaid card above. 
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AMPLIFIER TEST CONSOLE 


New Ampuner Test Console for 111 
& 112 wideband d-c amplifier series 
has all inter-unit connections made so 
that amplifiers can be tested in their 
operational rack-modules. Test fa- 
cilities also include cables and pro- 
vision for external connections to per- 
mit bench operation for amplifiers re- 
quiring maintenance work. Tests eight 
amplifiers/hour.—Kin Tel Div., Cohu 
Electronics, Inc., Box 623, San Diego 
12, Calif. 
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LIQUID LEVEL TRANSMITTER 


New Liquid Level Transmitter 
transmits d-c signals proportional to 
leve] variations, features LVTD dis- 
placement transducer coupled with 
solid-state-circuitry amplifier. Accu- 
rate within 1%.—Mason-Neilan, Div. 
Worthington Corp., Norwood, Mass. 
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AC VOLTAGE STANDARD 


New Mode) FLH portable Thermo- 
couple Transfer Standard measures 
frequency influence (or ac/de differ- 
ences) to accuracy of +.01% from 1.5 
to 1125 v over frequency span of 20 
to 50,000 cps. Resolution is 0.005% 
min.—Sensitive Research Instrument 
Corp., 310 Main St., New Rochelle, 
N.Y. 
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FULL-SCALE RANGES AS LOW AS 2A OR MV; 
SPECIFIED LINEARITY OF +0.5% OR BETTER 


The new Series II Stylist panel meter is probably the most pre- 
cisely linear production-model microammeter or millivolt-meter you 
can get. It can divide 2ua or mv into as many as 100 clearly legible 
slices with virtually no tracking error at all. With proper adjustment 
of full-scale current, it can give you infinitely accurate indication. 

Its ultra-linearity is the result of individual scale calibration, made 
economically feasible by a newly-devel- 
oped electronic calibrator. This calibrator, 
operating through a system of servo con- 
trols, automatically prints individually 
adjusted scales according to the actual 
measured tracking characteristics of each 
meter movement. Theoretically, each 
meter’s full-scale linearity is infinite, with 
no tracking error at any point. (We do, however, retain a maximum 
+0.5% manufacturing tolerance). 

Added to this, you get a taut-band 
suspension, which accounts for the meter’s 
2ua or mv full-scale sensitivity and its 
near-perfect (0.2% f.s.) repeatability. 

No friction. No hysteresis. High resistance 
to shock and vibration in any plane. 
Nearly impossible to wear out. 

For full details on the API Series II Stylist, including ranges and 

prices, write for Bulletin 28. 








PTs} ASSEMBLY PRODUCTS INC. » CHESTERLAND 10. OHIO 


D.C. 
MICROAMPERES 


api 


THE SERIES I! STYLIST 
TAUT-BAND PANEL METER 


SA 2486 


CIRCLE 105 ON READER-SERVICE CARD 
October 1961—Instruments & Control Systems—Page 1911 








CALIBRATION UNIT 


PHOTOTRON 


ANEMOMETER READER 
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FIRST IN 
NEW LINE 
OF ANALOG TO 
DIGITAL 
CONVERSION 
PRODUCTS FROM 
HYDRO-AIRE 


This highly versatile basic 
transducer offers incremental 
conversion of shaft angle to 
digital measurement. Available 
in seven models, its maximum 
permissible speeds range from 
15,000 rpm at 128 counts per 
revolution to 1,250 rpm at 
2,048 counts, with sample 
rates ranging to 45,000 counts 
per second, 


Applications for the Hydro-Aire 
Phototron include analog to 
digital shaft converters, pre- 
cision analog servo with digi- 
tal readout, data reduction 
equipment, tachometers, and 
precision measurement and 
control. 


Detailed specifications are 
available on request. Related 
products soon to be available 
from Hydro-Aire, a member of 
the Crane Co. Systems and 
Controls Group, will include 
associated power supplies and 
binary and digital counters. 


HIDROAIRE 


DIVISION OF 


€ CRANE it ; 


3000 WINONA AVE., BURBANK, CALIF, 





ic 
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New Model BC411 Isolated Balance 
& Calibration Unit for strain gage 
instrumentation systems features 
plug-in printed circuit card. Can be 
used with 6- or 8-wire transducer 
cables, single or double shunt calibra- 
tion, with calibration steps of both 
polarities. Balance control is by 
screwdriver-adjust vernier potentiom- 
eter on front panel.—Computer Engi- 
neering Assocs., 350 N. Halstead 
Pasadena, Calif. 
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T/C SIGNAL CONDITIONER 


New line of Thermocouple Signal 
Conditioning Equipment includes init- 
ial production Model TSC-1, modular 
8-channel, rack-mounted unit that ac- 
cepts signals from thermocouple ref- 
erence junction, converts them to 
usable form for direct galvanometer 
monitoring. Power for biasing and 
calibration is supplied by mercury 
batteries mounted on unit; batteries 
are automatically disconnected during 
standby.—Astra Tech Instrument 
Corp., Subs. Arnoux Corp., 12930 
Panama St., Los Angeles 66, Calif. 
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PNEUMATIC TIMER 


New Servo-Gauge Oscillator pneu- 
matically actuated Timer that uses 
air as moving part and requires no 
electrical connections, provides fre- 
quent, reliable unclogging of 1” slurry 
line in hydrocarbon processing unit 
manufacturing industrial chemical 
product. Cyclic operation of dia- 
phragm control valve by pneumatic 
oscillator partially closes valve, then 
suddenly opens it to pre-set maximum 
position, freeing valve of clogging ac- 
cumulations of slurry materials.— 
Associated Control Equipment, Inc., 
Caraopolis, Pa. 
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New Anemometer (hot-wire) High 
Speed Tape Reader is for varying 
speeds from static to more than 500 
ips. Sensing element combined with 
feed mechanism of Soroban GP-2 
Super-Speed Tape Perforator reads 
character-by-character at speeds up 
to 300 codes/sec.—Soroban Engineer- 
ing, Inc., Box 1717, Melbourne, Fla. 
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DECADE COUNTER TUBE 


New cold-cathode Decade Counter 
Tube Type CT4251 features 13-pin 
circle and wire pins suitable for tran- 
sistorized and printed-circuit applica- 
tions, ten output cathodes.—Sylvania 
Electric Products, Inc., Subs. General 
Telephone & Electronics Corp., 730 
Third Ave., New York 17, N. Y. 
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HI-PRESS BALL VALVES 


New screwed-end Ball Valves for 
liquids or gases at 2500 psi pressure 
and temperature between —40° and 
+180°F are available in sizes 4” to 
2” in carbon or alloy steels. Feature 
low torque, quarter-turn operation at 
high pressures, “Stelock” (new ball 
seal design with steel retained plastic 
which restricts cold flow or plastic de- 
formation). Bulletin—Pacific Valves, 
Inc., 3201 Walnut Ave., Long Beach 
7, Calif. 
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GAS FLOW MONITOR 

New SD103 

low-cost sys- 

tem for moni- 

toring and re- 

cording gas 

flow from mul- 

tiple remote 

stations fea- 

tures simplic- 

ity, ease of in- 

stallation, long 

life, and mini- 

mum mainte- 

nance. Gas 

flow count is 

transmitted 

over commer- 

cial telephone lines and centrally dis- 

played on individual 5- or 6-digit 

counters. (System shown records 60 

points and is installed at Milwaukee 

Gas Light Co.) Bulletin SD103.— 

Datex Corp., Box 667, Monrovia, 
Calif. 
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TEMPERATURE REGULATOR 





New Type G2 Spence Main Valve 
controls at practically zero pressure 
drop. Single-seated sizes 2” to 8” with 
125-lb flanges; double-seated sizes 10” 
and 12”. Variety of pilots can be used 
with valve to control flow of steam, 
air, or water.—Spence Engineering 
Co., Inc., Walden 2, N. Y. 
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TEMPERATURE TRANSDUCERS 


New line of Temperature Trans- 
ducers has sensing elements of tung- 
sten, platinum, copper, nickel, and 
other materials; withstands shock of 
100 G at 11 ms, pressure 0 to 5,000 
psi, vibration 20 G to 2,000 cps. Op- 
erate in practically any solid, gaseous 
or fluid medium. Accuracy is 0.1% of 
range.—Temtro, Inc., 3016-C South 
Halladay, Santa Ana, Calif. 
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DATA SYSTEM 


New MIDAS (Miniature Data Ac- 
quisition System) real-time FM/FM, 
multi-channel Telemetry System 
senses and transmits respiration rate, 
heartbeat, pressure, strain, accelera- 
tion, etc. Industrial applications in- 
clude measurement of high-speed gas 
turbine strains and temperatures, 
forces acting on rotating helicopter- 
blades, dynamic pressure in steam 
turbines, etc.—Unilectron, Inc., 129 
Binney St., Cambridge 42, Mass. 
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GAS VALVE 


I ' 
ho ia 4i- 
ELECTRICAL CONNECTOR 


PER MS33676R-10SL- , 
} 7) 4 
PROVISION FOR i 


BULKHEAD MOUNTING.—> ff 
196 -12UNF-24 THREAD/ { 
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New V-38700 Series Gas Valve for 
3,000-psi operation features minimum 
pressure drop, has main poppet seal 
of resilient Teflon. Maximum leakage 
of 4 ecc/hr is standard. Electrical re- 
sponse times below 0.020 sec are pos- 
sible with special solenoids; drop-out 
voltages above 3 vde are standard.— 
Valcor Engr. Corp., 365 Carnegie 
Ave., Kenilworth, N. J. 
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SUPERVISORY CONTROL 


New Varelectric two-wire Super- 
visory Control System provides direct 
instantaneous control of pump motors, 
valve operators, etc. Principle of op- 
eration involves inherent polarization 
characteristics of d-c power source 
for remote control and special ability 
of Wheatstone bridge circuit to recog- 
nize conditions and direction of un- 
balance. Bulletin.—Varec, Inc., 12923 
S. Spring St., Los Angeles 61, Calif. 
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( BL-DIRECTIONAL 


COUNTER 


NEWEST 
IN NEW LINE 
OF ANALOG TO 
DIGITAL 
CONVERSION 
PRODUCTS FROM 
HYDRO-AIRE 


This highly versatile, 45,000- 
count-per-second readout 
device indicates true position 
while going through zero in 
either direction. No need for 
external reset to establish 
reference, thus reducing the 
cost and complexity of related 
devices while simplifying sys- 
tem design and maximizing 
reliability. Modular construc- 
tion of this compact, fully 
transistorized counter includes 
self-contained power supply 
and output connector. 





When used with Hydro-Aire’s 
Phototron transducer, this new 
counter converts inputs to 
Nixie tube visual readout and 
to digital type electrical read- 
out for information storage, 
automatic machine control and 
process control systems — 
wherever precision numerical 
readout is required. 


Detailed specifications on this 
and related products now avail- 
able from Hydro-Aire are yours 
on request. 


HYDROAIK 


DIVISION OF 


@cRANE PD 


3000 WINONA AVE., BURBANK, CALIF. 
Solid-state devices include time 








delay devices, voltage regula- 
, tors, power supplies, inverters. ‘ 
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CALIBRATES A. C. 


twice as fast % 
twice as fast ; 
twice as fast f 


* measures changes in A.C. input with- 
out transferring to D.C. ... this 
permits operator to make frequency 
response checks in less than half 


MODEL TV-1 the time previously required. 


RMAL TRANSFER VOLTMETER 

= NBS CERTIFIASLE 

A new AC-DC transfer standard. Transfer measurement is made to a 
calibrated DC supply of the same voltage as the unknown AC being 
measured; thus eliminates ratio errors in the high frequency 
multiplier resistors. 

Range — Three decade range multiplier. .5 volt to 1200 volts. Full 
resolution in i volt steps from 1 to 999 volts. 

Frequency Response — 5 to 290 volts .02% to 50KC. 300 to 1200 
volts .02% to 20KC. Null Sensitivity — .004% /mm. 
Thermocouple — DC reversal error less than .02%. Couples, plug in 
replaceable, at $40.00 Input Resistance — 143 ohm/volt. 


‘ Tee eA 
x.” ‘} p a 
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Fr : 


COMPLETELY 
VARIABLE 
A. C. 


4 if 
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AUDIO VOLTAGE STANDARD 


MODEL AVS-321 


The output is continuously variable in frequency as well as voltage 
so that complete information about the response of the unit or system 
under test may be obtained. 

Range — | to 1000 volts RMS 35 cps to 2 KC. 1 to 300 volts RMS 35 
cps to 10 KC. Accuracy — Regulated voltage equal to dial setting 
(0.1% + 2 mv) From 300 to 1000 volts accuracy is +0.25%. 
Stability — 30 days. Long-term drift may be corrected by simple 
adjustment. Internal Oscillator — 60 cps. Other frequencies avail- 

able on request. 


For further details write to 


HOLT instrument LABORATORIES 


OCONTO, WISCONSIN 
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PORTABLE RECORDING SYSTEM 


= cere Saree wed 
New METERITE 40-mm Ampli- 
tude Two-Channel Portable Recti- 
linear Recording System features in- 
terchangeable plug-in pre-amplifiers 
and new chart take-up unit. Model 
BSA-250 uses ink writing, Model 
BSA-260 electric writing in addition 
to ink. Unit consists of basic system 
assembly and any two interchange- 
able plug-in pre-amplifiers. Maximum 
undistorted ampltitude full scale is 
40 mm, de to 40 eps; half scale, de 
to 80 cps; quarter scale, de to 120 
cps.—Massa Div., Cohu Electronics, 
Inc., 280 Lincoln St., Hingham, Mass. 
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_ COMPARATORS 


be % 
New Models 54 and 55 Digital Com- 
parators, fully transistorized and 
equipped with mercury-wetted contact 
relays, determine if input voltage or 
series of voltages is within preset 
limits; convert data from digital 
measuring instruments such as a-c 
and d-c digital voltmeters, digital 
ratiometers, and digital ohmmeters 
into go/no-go form. Model 54 has 
four digits, Model 55 has five digits. 
—Non-Linear Systems, Inc., Del Mar, 
Calif. 
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PRINTING COUNTER 


New high-speed, add-subtract 
Printing Counter has three digits 
with additional digits or decimal 
points to suit requirements. Features 
printing speed up to 5,000 cts/min.— 
Radson Engineering Corp., Macon, 
Tl. 
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RELIABLE 
TEMPERATURE 
CONTROL 
STARTS 

WITH 

LN 
THERMOCOUPLES 


...like the swaged couple shown, 
which offers the advantages of small 
size and fast response for a wide range 
of applications. 


This is only one of L&N’s complete 
line of thermocouples and accessories, 











designed for diverse applications in 
metalworking, chemical, ceramic, 
glass, power and other industries. 


To get the best out of your L&N tem- 
perature instruments, be sure to use 
L&N thermocouples! You'll find it 
pays. For details on L&N’s complete 
thermocouple line, ask your nearest 
L&N office for Catalog EN-S2. Or write 
Leeds & Northrup,4955 Stenton Ave., 
Phila. 44, Pa. 


LEEDS & NORTHRUP 
Pioneers in Precision 
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X-Y RECORDER 


New Model HR-95 X-Y Recorder 
includes vacuum paper holddown, con- 
tinuous 10-turn precision attenuators, 
electric pen lifter. Available with 1 
or 10 mv/in amplifiers; also with 10- 
or 100-mv full scale amplifiers for 7” 
axis and 15- or 150-mv full scale am- 
plifiers for Y axis.—Houston Instru- 
ment Corp., Box 22234, Houston 27, 
Tex. 
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VOLT-OHMETER 


New low-cost, semi-digital, solid- 
state Volt-Ohmeter Type 21A uses 
two conventional D’Arsonval meter 
movements so arranged that resolving 
power of one acts to multiply resolu- 
tion and accuracy of other. Accuracy 
to three significant figures. Left-hand 
meter acts as digital indicator. Right- 


| hand meter movement is connected to 
analog circuitry.—J-Omega Co., Los 


Altos, Calif. 
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DECIMAL COUNTERS 


New line of center scale Decimal 
Counters provides precision readouts 
of latitude and longitude positions 
and plus-or-minus quantities. Coun- 
ters with Geneva drives have slewing 
speeds up to 1800 rpm.—Kearfott 
Div., General Precision, Inc., 1150 
McBride Ave., Little Falls, N. J. 
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For Added Information 

be Sure to Circle the 
Corresponding Number on the 

Reader-Service Card 
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DE-LINE 
ra 


THE ENGINEER'S 


hs 


GREATEST FLEXI! LIT'Y 
IN THE FIELD 


AVAILABLE IN MANY SEQUENCES 
BACKLIGHTED 


VALVE CLOtER 
FURR. Oi 
Tank 


SIDE BY SIDE OR STACKED, 
DE-LINE modular design retains 
Original custom appearance as 
system grows. 


SAME PLUG-IN operates from 
normally open OR normally closed 
trouble contacts. 


oF 
AUXILIARY CONTACTS N.0.-N.c. 


standard with most plug-ins. 


. (tier insta OPTION 

after installation by 

oa 8 meansof independent 

ery slide switch at each 
point. 


DE-LINE plug-ins are 
self-policing. Systems 
are rugged and 
dependable. 


THEBES] INSTRUMENT CORP. 


Dept. G, 310! N. Lowell Ave. ¢ Chicago 4], Ill. 
AVenue 2-6930 








REPRESENTATIVES IN ALL PRINCIPAL CITIES 
COMPLETE MONITORING SYSTEMS FOR INDUSTRY 
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NEW Thermocouple 
Selector 
Switches 


For fast, accurate indication of temperature 
from a number of thermocouples—to aver- 
age readings from several measuring points 
—or to switch a thermocouple from one in- 
strument to another—choose a new compact 
Thermo Electric Selector Switch. 

These switches are compatible with any 
thermocouple or resistance thermometer, 
and any measuring instrument. Steel cases 
are dust and moisture proof, and are easily 
mounted on panel, rack, wall, or table. 


ROTARY SWITCHES 
Capacities—OFF to 6, 12 or 24 measuring 
points. Available with binding post ter- 
minals or bunched leads for soldered con- 
nections. 


KEY SWITCHES 


Accommodate 1 to 144 sensing elements— 
locking or non-locking construction. Choose 
from several different cabinets. 


PUSH BUTTON SWITCHES 
OFF to 72 points—interlocking construc- 


tion so that one switch remains “on” until 


another is actuated, 


Write today for catalog 24-2-12 


~ 
Na 
Electric CO., INC. 


SADDLE BROOK, NEW JERSEY 
in Canada: THERMO ELECTRIC (Canada) LTD., Brampton, Oat. 
_ ee el y 
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RECORDING WAVE ANALYZER 


New Model 800 Recording Wave 
Analyzer performs complete wave- 
form analysis over 20-to-20,000-cps 
range; measures amplitude of all fre- 
quency components in any waveform 
and records them on built-in strip 
chart recorder. Outputs of accel- 
erometers, microphones, strain gages, 
pressure pickups, and similar trans- 
ducers are rapidly analyzed. Bulletin. 
—Optron Corp., 335 S. Salinas St., 
Santa Barbara, Calif. 
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DC AMPLIFIER 


New Model 3101 chopper-stabilized 
wideband DC Amplifier accurately 
amplifies low-level signals from dc to 
beyond 20 ke. Plug-in attenuators 
provide fixed or adjustable gain set- 
tings between 10 and 1000, either dif- 
ferential or single-ended. Major specs: 
+0.01% .gain stability; less than 2 
uv drift for 100 hr; 50 megohms (po- 
tentiometric) input impedance; +15% 
at 100 ma output capability—PM 
Electronics, Inc., 5221 University 
Ave., San Diego 5, Calif. 
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AN/DIG CONVERTER 


I ened 


New Model M3 Multiverter analog- 
to-digital converter features reliabil- 
ity owing to solid-state design and 
low component count. Accuracy of 
conversion is within 0.05% + % least 
significant bit with operating rate of 
8000 conversions/sec for decimal out- 
put. Available as 13-bit model.— 
Packard Bell Computer, Subs. Pack- 
ard Bell Electronics, 1905 Armacost 
Ave., Los Angeles 25, Calif. 
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9,000 


psi 
MERCOID 


PRESSURE 
CONTROLS 


OPERATING 
RANGE 
500 to 5,000 psi. 


External Adjustment 
Sealed mercury contact 
Visible calibrated dial 
Visible on-off circuit 
Repetitive trip point 


TYPES AVAILABLE 
DXA-21 " 
minimum differential 450 psi. 


DXA-521 
minimum differential 200 psi. 


DXS-221 
minimum differential 150 psi. 


Available in three case styles; 
General Purpose 
Weather-Proof 
Explosion-Proof 


WRITE FOR BULLETIN O-21 


THE MERCOID CORPORATION 
4205 BELMONT AVENUE 
CHICAGO 41, ILL. 
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WIDE-BAND OSCILLOSCOPE 





New Model ES-150 Wide-band Os- 
cilloscope covers entire range between 
de and 5 Mc. Vertical channel is 3- 
state push-pull balanced d-c ampli- 
fier; horizontal channel uses push- 
pull output amplifier having sensitiv- 
ity of 0.6 v rms/in. Frequency re- 
sponse is within 3 db from 1 eps to 
400 ke. Input impedance is 5 meg- 
ohms shunted by 23 mmfd. Bulletin. 
—Precision Apparatus Co., Inc., Glen- 
dale 27, N. Y. 
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TACHOMETER GENERATOR 


New Tachometer Generator permits 
use of transistor tachometers with 
diesel engines and other mechanical 
rotation applications; has no contacts. 
Can be safely operated in explosive 
ambients. Magnetically-induced out- 
put provides 2 v min at 500 rpm.— 
Radson Engineering Corp., Macon, 
Til. 
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DEAD WEIGHT TESTER 


New Dead Weight Pressure Tester 
Model 5100 is available in three de- 
signs and three pressure ranges up 
to 12,000 psi. Basic tester is equipped 
with piston-cylinder assembly, man- 
ually rotated weights, base and hand 
pump. Calibrated by direct intercom- 
parison against NBS calibrated Dead 
weight gage; accurate to 0.04%; reso- 
lution is 0.02% or better.—Ruska In- 
strument Corp., 6121 Hilleroft, Hous- 
ton 36, Tex. 
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D- 890 - A (with crystal check) Y 
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Frequency: 1 c/s to 111.1 ke/s 
Accuracy (max): 0.05% above 500 


c/s; 0.005% at spot frequencies. 
Output (max): 126v into 8k ohms 
= : or 24v into 600 ohms. 
a VYVYyyYYYYYy»y»\»ny VV 


Yu MWwv“s“a“4y 
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Frequency : 0.01 c/s to 11.2 ke/s. 


Accuracy: 0.2% above 5 c/s; 

2% at 0.01 c/s. Y pe 
Wi 

 (D-695-A 


Outputs: 10v into 10k ohms 
and 600 ohms. 


MMMMM|’| wi MO, 


— ged 


Frequency: 10 c/s to 31.2 ke/s. 
Accuracy : 0.2% above 
Yj 100 c/s; +0.3 c/s at 10 c/s. 
L Output: 10v into 10k ohms; 
2.4v into 600 ohms. 


EEE 


Models cover a frequency range from 0.01 c/s to 111.1 ke/s. 
Write for Publications 130, 136, 137 


MUIRHEAD 


MUIRHEAD INSTRUMENTS INC., 441 Lexington Avenue, New York 17, 
N.Y., U.S.A. Telephone: Murray Hill 2-8131 


MUIRHEAD INSTRUMENTS LIMITED, Stratford, Ontario, Canada 
Telephone: 271-3880 


MUIRHEAD & CO. LIMITED, Beckenham, Kent, England 
Telephone: Beckenham 4888 509/3 
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New point-a-second alarm scanner 


scans or records up to 200 variables 
to detect off-normal conditions fast 


The Dynamaster® Alarm Scanner combines high-speed scanning of any type 
of variable, continuous or off-normal recording, and multiple-alarm settings 
in a single monitoring instrument. 
Check these Dynamaster capabilities against your alarm scanning re- 

quirements: 
Positive alarm notification, provided simultaneously by: 

(1) illuminating a red “alarm lamp”’ on instrument case 

(2) energizing external visible and audible alarm signals 

(3) automatic print-out of measured value and identification of the off- 

normal variable. 
Alarm flexibility. Up to 20 individually adjustable potentiometers can be 
provided—permitting separate high and low settings for each of 10 variable 
groups. 
Simplified operation. Any high- or low-alarm limit can be changed within 
5 seconds. All operator selector switches are mounted on face of instrument. 
Scan cycle is traced by lamps on front of Scanner case. 
Long instrument fife is insured by transistorized design and precision me- 
chanical construction. To prevent unnecessary wear, Dynamaster servo- 
balancing mechanism remains inoperative during scanning until an alarm 
condition is detected. 

For complete details on these and other features of the new Dynamaster 

Alarm Scanner, write to: 119 


THE BRISTOL COMPANY 


Waterbury 20, Connecticut 


Or nearest Bristol Branch Office 
Acco 


erisipors) JAE DATA-MASTER CORPORATION 


Subsidiary of The Bristol Company, Waterbury 20, Conn. 
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VOLTMETER/RATIOMETER 
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New Eltronic 850 four-digit Multi- 
ple Meter measures d-c volts, d-c 
ratios, and a-c volts utilizes solid- 
state circuitry. Decimal point place- 
ment and d-c signal polarity are de- 
termined automatically and displayed 
with digital value of input signal on 
3-position tilting readout. D-c volt- 
age range, d-c ratio range, and a-c 
voltage range are each 0.0001 to 
999.9; d-c voltage accuracy and d-c 
ratio accuracy, +1 digit; a-c voltage 
accuracy: +0.1% or 2 digits.—Elec- 
tro Instruments, Inc., 8611 Balboa 
Ave., San Diego 11, Calif. 
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REMOVABLE COMPUTER PANEL 


New Removable Panel for TR-10 
general purpose analog computers 
permits problems to be programmed 
in advance. Pre-programmed panel 
can be removed and another installed 
in less than 1 minute. (Normally, 
problems take 20 to 30 min to pro- 
gram directly on computer’s patch 
panel.) —Electronic Associates, Inc., 
Long Branch, N. J. 
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FREQUENCY COUNTER 


New Model 740 Frequency Counter 
and Preset Translator offers rapid 
readout of unknown quantities by 
translating pulses-per-unit-time into 
physical units-per-unit-time (lb/hr, 
gpm, ft/sec, rpm, etc.) In-line NIXIE 
readout in 4, 5, or 6 decades oven- 
stabilized crystal, preset digital time 
base, manual or automatic recycling. 
—Erie-Pacific Div., Erie Resistor 
Corp., 12932 S. Weber Way, Haw- 
thorne, Calif. 
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LIQUID HYDROGEN VALVE 


New liquid-hydrogen 
Valve for cryogenic ap- 
plications comprises Y- 
pattern valve body and 
2-positioner pneumatic 
actuator with stainless- 
steel vacuum jacket. 
Globe and angle con- 
figurations, large Cy.— 
Security Valve Co., 
Subs. Menasco Mfg. 
Co., 909 El Centro St., 
South Pasadena, Calif. °% 
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LIQUID NITROGEN CONTROL 


New automatic Liquid Nitrogen 
Controller Model NCT-5 eliminates 
manual filling of liquid-nitrogen traps, 
containers, etc. Vapor-charged remote 
sensing bulb actuates switch which in 
turn energizes solenoid during filling 
cycles. Plug-in timer regulates high 
liquid level, provides instant inter- 
changeability—Almac Cryogenic Air 
Co., 1108-26th St., Oakland 7, Calif. 

CIRCLE 323 ON READER-SERVICE CARD 


CCTV CAMERA 


New Closed-Circuit Television high- 
resolution Camera System Series 2900 
is enclosed in environmental type con- 
tainer which eliminates need for spe- 
cial housing. Etched boards of epoxy 
impregnated fiberglass provide high 
indestructibility ratio—Packard Bell 
Electronics, 1920 S. Figueroa St., Los 
Angeles 7, Calif. 
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WIDEBAND CONVERTER 
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New VLF-1 Caliverter provides re- 
ception of VLF signals on standard 
HF communications receiver, is use- 
ful in systems that require accurate 
time and cannot tolerate erratic re- 
ception of HF standard time signals. 
Sensitivity is less than 0.1 nv; output 
is at 5.000 Mc plus VLF frequency.— 
Aerospace Research, Inc., 94 Massa- 
chusetts Ave., Cambridge 39, Mass. 
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LONG LINES NEED STRONG SIGNALS 





THE 38-6 SILICON 
SEMICONDUCTOR 


STRAIN-GAGE 
PRESSURE TRANSDUCER 


Has a Signal Output of 5 v.d.c« 
For remote pressure measurement via 
long lines—under water or above ground 
—you need a transducer that delivers a 
high-output signal without additional am- 
plification. The only answer is the new 
Fairchild 3S-G. It has a 5 v. d.c. output. 
And it uses semiconductor materials with 
piezoresistive characteristics as a sens- 
ing element. 


Extraordinarily accurate (+.003% /de- 
gree F error band is not uncommon) in the 
roughest environment, the tough 3S-G has 
infinite resolution, self-contained calibra- 
tion, temperature compensation, and 
unexcelled repeatability. It is also avail- 
able with low output (5mv. to 5 v. d.c.), 
low-pressure gage and absolute (0-10 to 
0-100 p.s.i.), high-pressure gage and abso- 
lute (0-100 to 0-10,000 p.s.i.), and high- 
line low-differential (+10 to +10,000 
p.s.i.d.). All versions operate from —65° 
to 250°F in practically all gaseous and 
liquid media, including liquid oxygen, 
strong alkalies, corrosive acids, and high- 
energy fuels. All are designed to replace 
strain-gage pressure transducers now 
being used by industry and the military. 


For more information about the 3S-G sili- 
con-semiconductor strain-gage pressure 
transducer, write Dept. 5i ics. 


STEEL PETROLEUM 


wide application in 
control systems for 
defense & industry 


30g 


MISSILE UNDERWATER 


AIRCHILD 


CONTROLS CORPORATION 


a Subsidiary of Fairchild Camera & Instrument Corporation 


225 PARK AVE., HICKSVILLE, L.1., NEW YORK 
6111 E. WASHINGTON BLVD., LOS ANGELES, CAL. 


ANOTHER FINE PRODUCT OF FAIRCHILD RESEARCH 
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... accurate 

D-C resistance measurements 
with L&N’s 4735 Guarded 
Wheatstone Bridge 

Perform laboratory experiments, make 


routine 
calibrate 


resistance measurements or 
faster—more 
rately — with L&N’s 4735 Guarded 


Wheatstone Bridge. 


resistors accu- 


This advanced instrument has many 
new features including: high accuracy 
with a wide operating range... guard- 
ing of detector circuit to prevent resist- 
ance errors due to humidity effects... 
minimizing of thermals by special con- 
struction features . elimination of 
tedious plug and block ratio settings due 
to use of a single rotary switch. 

List No. 4735 Guarded Wheatstone 
Bridge, normally available for delivery 
from stock. 

Range- 
Limit of Error- 
» to 100 megohms; 


0.01 ohm to 1,111 megohms. 
+(0.05% 4- 0.001 ohm) 
+0 5% 


u" above. 


j 
Rheostat Switches—F'ive decades of en- 
closed switches in steps of 10 x (1000 
100 + 10 +] + 0.1). 

Multiplier Dial-/ /even-position enclosed 
switch. Multipliers: 10 to 10°, 

Current Rating (of rheostat arm used as 
box, determined by highest 
For 0.12, 1.1 amp; for 
1.02, 0.35 amp; for 102, 0.11 amp; for 
1002, 0.035 amp; for 10002, 0.011 amp. 
Galvanometer Sensitivity Keys — Three 
tup keys provide sensitivities of ap- 
proximately 1, 1/100 and 1/1000, A 
battery reverse key is provided. 


resistance 


decade in use) 


Case—Metal, gray enamel finish; 19” 
x9” x 7” for bench use. Wt. is 12 lbs. 
Price— f.o.b. Phila. or North 
Wales, Pa. (subject to change without 
notice). Order List No. 4725 from 
L&N, 4955 Stenton Ave., Phila. 44, Pa. 


$475.00 


il 
NORTHRUP 


Automatic Controls « Furnaces 


LEEDS 
Instruments 
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DECIMAL INDICATORS 


New 500-Series transistorized Deci- 
mal Indicators accept 0.1-mw binary-| 
coded-decimal inputs and produce pro-| 
jection-type decimal display; 3 to 6| 
digits, with parallel or serial inputs. | 
Also, similar 1000-Series indicators| 
accept binary input data and provide) 
decimal display.— Howard Instrument 
Co., Red Bank, N. J. 
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THREE VALVE MANIFOLD 


New high-pressure _ three-valve 
Manifold incorporates two block 
valves and one bypass valve. Hand- 
operated packless unit (with 4” OD 
tubing connections) is constructed of 
303 and 316 stainless steel. Also avail- 
able in one-, two-, four-, or five-valve 
styles—G. W. Dahl Co., Inc., 86 
Tupelo St., Bristol, R. 1. 
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TV COMPARATOR 


New Television Comparator permits 
precise measurement of miniature 
solid objects with magnification up to 
300 X. Specially designed CVTV sys- 
tem allows positioning image on 
screen and changing its magnification 
through entire range without loss of 
focus.—General Precision, Inc., 63 
Bedford Rd., Pleasantville, N. Y. 
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on Reader Service Card 





Vol. 34 


A GREAT NAME IN THERMOMETERS 
Ses 
EET TTL 


Mercury Actuated 
Temperature Indicating Instruments 


A—4%2” DIAL THERMOMETERS: Made in 3 types 
to suit any requirements. Rigid stem, wall or 
flush mounted, 11 inches of scale reading. In- 
terchangeable with standard industrial separ- 
able sockets. Stem can be placed at any angle 
and case can be rotated to any readable 
position. 

B—RECORDING THERMOMETERS: Twelve inch 
die-cast aluminum case with black finish. Single 
or multiple pen construction. Electric or spring 
wound clock, 24 hour or 7 Day Revolution. Flex- 
ible Armor and bulb of stainless steel. Ranges: 
—40 +950° F or Equivalent in °C. 


C—INDUSTRIAL THERMOMETERS: Red-Reading 
Mercury—Extruded brass case—chrome finish. 
Ranges: —40 +950° or Equivalent in °C. 


D—RED-READING MERCURY LABORATORY THER- 
MOMETERS: Thoroughly annealed for permanent 
accuracy. Complete line A.S.T.M. and fractional 
division types. 


FOR COMPLETE INFORMATION WRITE FOR CATALOG 
LITE IT ELT SE, 
ENTE ET A aE, 


PALMER THERMOMETERS, INC. 
Cincinnati 12, Ohio * MElrose 11500 
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PORTABLE TEST CHAMBER 


- 








New PR Chamber, hi-low tempera- 
ture unit, operates from —100° to 
+600°F using liquid CO: as coolant. 
Test volume is over 1000 cu in. Indi- 
cating thermostat provides close tem- 
perature control. Bulletin —Gruen- 
berg Electric Co., Inc., 9 Commercial 
Ave., Garden City, N. Y. 

CIRCLE 329 ON READER-SERVICE CARD 


LINEAR POWER CONTROLLERS 





New Linear Power Controllers for 


electric furnaces combine magnetic 

amplifier-silicon controlled rectifiers 

on single functional panel. D-c output 

versions are used as preamplifiers for 

saturable-core reactors in furnace 

range up to % Mw. Three a-c output k th | k t f 
versions deliver 550, 1650, or 6000 w Ta e e egwor ou 0 
directly into furnace loads. Catalog.— 


Norbatrol Electronics Corp., 356 Col- liquid measurement 


lins Ave., Pittsburgh 6, Pa. 
CIRCLE 330 ON READER-SERVICE CARD 
Here’s practical liquid measuring —the modern 
MINI DIGITAL READOUT way...without roaming all over the lot! 
Liquidometer Gauges let you inventory distantly 
stored liquids at a glance. 


Completely automatic Liquidometer Gauges 
can be located as far as 250 feet from tanks. 
Think what this centralized system can mean 
in man-hours saved—let alone the additional 
safety of personnel who no longer have to trudge 
to, or tamper with, hard-to-get-at tanks. 


Simple to install, and requiring no maintenance, 
Liquidometer Gauges measure virtually all 
liquids conveniently, continuously, and cor- 
rectly. There’s a type available for practically 


Yew self- decodi oad odes Pi + ala 
New self- decoding Readout decodes every liquid measuring application. 


either binary inputs or pulse trains, 
displays information in digital form. 
Sixteen %” x 1%” alpha-numerical 
characters are displayed at any rate 


up to 50 characters/sec.—Datascope 
Corp., 4023 Irving Place, Culver City, LIQU | DO M ETE y Co ©] P. 
Calif. 
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For complete details, write 
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Guaranteed accurate 


not only when it leaves our factory 
but also after field recalibration 


i Dud 


Page 1922 
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You can recalibrate Seegers precision test gauges 
to their original accuracy of 0.10% FS over their 
entire pressure range. Simple screwdriver adjust- 
ment takes only a few seconds and requires no 
special tools or testing equipment. Only Seegers 
gauges have this true recalibration capability. 
Other product superiorities include Ni-Span C 
and stainless steel components, eye-ease green dial 
with white increments linear to +.001”, and bour- 
don bleed and flush valve as standard equipment. 
Write for a copy of our comprehensive technical 
bulletin. Seegers Instrument Company 
515 West Main Street, Barrington, Illinois 
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PROPORTIONAL POWER SYSTEM 
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New Proportional Power Magnetic 
Amplifier coupled with standard sa- 
turable core reactor is_ electrical 
equivalent of equal-percentage valve, 
in that linear change in system in- 
put produces percentage change in 
process power. Unit takes signals 
from any control systems with 0-5 ma 
output, process voltage and current, 
and combines these in D77312 mag- 
netic amplifier whose output is fed to 
control winding of standard satura- 
ble reactor, changing typical char- 
acteristic curve of saturable reactor 
to proportional power relationship.— 
Hevi-Duty Electric Co., 304 Hart 
St., Watertown, Wis. 
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ENCODER READOUT SYSTEM 
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New Encoder Readout System for 
high accuracy measurements on com- 
parator units has encoder unit with 
3 separate discs. First has 1000 parts 
per turn, second and third each have 
100 parts/turn. Encoder has potential 
resolution capabilities of 1 part in 
10’°..—Wang Laboratories, Inc., Natick, 
Mass. 
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HORSEPOWER METER 


New Meter measures horsepower 
transmitted by rotating shaft. Trans- 
ducer sensitive to product of speed x 
torque is coupled directly between 
driving machine and load, producing 
0-to-20 vde output signal proportional 
to horsepower. Basic model is rated 
600 hp, others available from 50 to 
several thousand hp over wide speed 
and torque ranges, with accuracy of 
1%.—Waugh Engineering Div., Fox- 
boro’ Co., 7740 Lemona Ave., Van 
Nuys, Calif. 
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DC AMPLIFIERS 


a 


New Model 99-series and Model 98- 
series sub-miniature signal-condition- 
ing DC Amplifiers raise millivolt sig- 
nals from strain gages, bridge-type 
pressure transducers or bridge-type 
accelerometers to 5-v level. Output 
voltage can swing from zero to +5 
vde. Frequency response extends from 
0 to 2,000 cps.—Video Instruments 
Co., Inc., 3002 Pennsylvania Ave., 
Santa Monica, Calif. 
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New portable Tipptronic Universal 
Recorder records any number and 
combination of variables with single 
recording mechanism and strip chart. 
On 2-channel recorder recording is 
made every 2 seconds; on multiple- 
channel units, scan rates are from 2 
to 12 sec/channel.—Tipptronic, Inc., 
510 E. Washington St., Chagrin Falls, 
Ohio. 
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CLIP-ON DC AMMETER 
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New wiue-range Milliammeter Mod- 
el 428B measures dc 0.3 ma to 10 amp 
in 9 steps without interrupting or 
loading circuits. Features clamp-on 
probe. Measures dc in presence of a-c 
signals, also measures sums or dif- 
ferences of currents in separate wires. 
—Hewlett Packard Co., 1501 Page 
Mill Rd., Palo Alto, Calif. 
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RISE AND FALL TIME—250 NANOSECONDS! 


SYMMETRY—500 NANOSECONDS! 


Now—ELIN’S fully-transistorized square wave power 
unit, model SQP106T, gives you the new dimension 
of precision you need, can depend on, for missile 
systems checkout, gyro and synchro testing, etc. 
Enjoy having ELIN performance superiority, 


versatility, compact size—working for you soon! 


ELIN 
Model 
SQP106T 


WRITE TODAY FOR COMPLETE ELIN SOLID STATE DATA FILE! 


= irh t2O~A DIvisionm 


International Electronic Research Corporation 
135 West Magnolia Boulevard, Burbank, California 
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QuiK-Konnect 
PLUGS AND JACKS 





New Honeywell QuiK-Konnect Plug and 
Jack Assemblies provide fast, fool- 
proof connection of thermocouples to 
extension wire, and thermocouple ex- 
tension wire to instruments. Inserts of 
different diameter positive and negative 
poles insure correct polarity every time. 
inserts are easily removed for field 
calibration change or replacement, and 
can be furnished in different metals to 
match thermocouple alloy. Honeywell 
Quik-Konnect Accessories include iden- 
tos, cable clamps, and tube adapters. 


Get complete details from your nearby 
Honeywell field engineer, or write today 
for Specification Sheet FS 005-3. 
Minneapolis-Honeywell, Wayne and 
Windrim Avenues, Philadelphia 44, Pa. 
In Canada, Honeywell Controls, Ltd., 
Toronto 17, Ontario. 


Honeywell 
Ld Fit in Coutiol 


Since 1865 
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VALVE TEST STANDS 
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New Model 1000-S Valve Test Stand 
made by Piping Engineering Co. fea- 
tures single universal mounting plate. 
Tests all types of valves hydrostat- 
icaly or pneumatically; hydrostatical- 
ly tests pumps, exchangers, heaters, 
vessels, piping, ete.—Crosby Valve & 
Gage Co., Wrentham, Mass. 
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SOLUTION CONDUCTIVITY 


New Electrodeless Conductivity 
System Model RS-2 indicates on 0 to 
200 wa d-ce scale.—Industrial Instru- 
ments, Inc., 89 Commerce Rd., Cedar 
Grove, N. J. 
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AC CONVERTER 


New Eltronic 882 five-digit tran- 
sistorized AC/DC Voltmeter/Ratiom- 
eter develops d-c output voltage pro- 
portional to average value of input 
signal. Switching is by semiconductor 
devices. D-c ratio range, a-c voltage 
range, d-c voltage range, +0.0001 to 
+999.99; a-c frequency range, 30 to 
10,000 cps; a-c accuracy, +0.1% of 
reading or 2 digits; d-c accuracy, 
+0.01% of reading or 1 digit (in- 
cludes linearity, resolution, sensitiv- 
ity, etc.)—Electro Instruments, Inc., 
8611 Balboa Ave., San Diego 11, 
Calif. 
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VOLTAGE/CURRENT 


STANDARD 





0.0075% apsoLute accURACY 
1, 1.0185, 10 VOLT OUTPUTS 


0.02% apsoLUTE ACCURACY 
7.5 and 10 MIL OUTPUTS 


@ ALL SOLID STATE 

@ ZENER AGING CURRENTS 

@ INSTRUMENT CALIBRATION 
@ SYSTEM REFERENCE 

@ PRODUCTION LINE TEST 

@ STANDARDS LABORATORY 


Based on advanced zener tech- 
niques and operational ampli- 
fiers, the Rotek Model 401 offers 
the ultimate in accuracy and 
stability available in a DC sec- 
ondary standard. The Rotek DC 
Standard is designed for Mil 
Spec environment and may be 
used under field conditions with 
accuracy and reliability assured. 


Please write for Bulletin 401 


Other Rotek instruments: 
AC Voltage Standards 
AC/DC Comparators 
DC References 
System References 


ASK FOR DEMONSTRATION 











ROTEK 


INSTRUMENT CORP. 


733 CONCORD AVE., CAMBRIDGE 38, MASS. 


Kirkland 7-0175 
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MICRO-CINEMATOGRAPHY 


New Micro-adapter attaches 
CAMEX 8mm single-lens reflex movie 
camera to any microscope, replacing 
microscope’s eyepiece. By focusing on 
parallax-free serial image of system, 
microscopic cinematography is easily 
accomplished.—Karl Heitz, Inc., 480 
Lexington Ave., New York 17, N. Y. 
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FOLLOWER AMPLIFIER 
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New plug-in Follower Amplifier 
Model K2-BJ, booster for operational 
amplifiers K2-WJ and K2-YJ, pro- 
vides increased steady-state output of 
20 ma at +100 v, gain about 0.8, out- 
put impedance about 250 ohms (be- 
fore feedback); features two prem- 
ium grade 10,000-hr computer tubes. 
2%” x 1%” x 4%”.—Philbrick Re- 
searches, Inc., 127 Clarendon St., Bos- 
ton 16, Mass. 
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DIGITAL FREQUENCY METER 





caccactes ae ‘ j 


New 500-Mc Frequency Meter Mod- 
el 737C couples completely transistor- 
ized 10-Mc frequency counter and 
vacuum tube heterodyne receptacle 
which accepts various converter plug- 
in units. Three plug-ins are available: 
Model 731B for 10-100-Mc range; 
Model 732B for 100-220-Me range and 
Model 733B for 100-510-Mc range. 
Model 737C available with vertical 
decade display or inline Nixie read- 
out.—Computer Measurements Co., 
12970 Bradley Ave., San Fernando, 
Calif. 
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_ TEMPERATURES: Up to 500° F. 


' PRESSURES: 0 to 200 PSI 


Taber Transducer keeps close tab on 
autoclave air pressures at Twin Coach 


The dependability and accuracy of Taber Bonded Strain Gage Pressure Trans- 
ducers are pointed up in the manufacture of bonded aircraft assemblies at 
Twin Coach Co., Buffalo, N. Y. 

Assemblies are bonded at temperatures up to 500° F inside a 12’ x 37’ auto- 
clave where atmospheric conditions must be precisely controlled. Mounted 
externally to permit this high temperature application, a Taber Model 217 
Teledyne Pressure Transducer senses autoclave air pressures from 0 to 200 psi, 
accurately and continuously. Quality of manufacture is thus insured! 

Among the many performance pluses of Taber Transducers are high frequency 
response, minimum hysteresis, infinite resolution and low sensitivity to tempera- 
ture effects, vibration and shock. Models are produced for a wide variety of 
test, ground support, or airborne applications, with pressure ranges from 0-50 
to 0-10,000 psi. 

For detailed information on Taber Transducers, mail this coupon attached 
to your letterhead. 


TO: TABER INSTRUMENT CORPORATION 

AEROSPACE ELECTRONICS DIVISION SECTION 243 

107 Goundry Street, North Tonawanda, N. Y. 

Send detailed information on Taber Teledyne and Teleflight bonded 
strain gage pressure transducers. 


name 








company 








address 








city 
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The Brooks Full-View® rotameter has 
a remarkable ability to adapt to changes 
in process requirements. 

With the addition of a float exten- 
sion and a Brooks Series MPT unit, it 
can beccme a pneumatic or electric 
transmitter. Or, just as easily (and 
economically), a high-low flow alarm. 
Or a flow totalizer. Or a combination 
of any of these. 

When used as a simple flow indica- 
tor, the Full-View offers another kind of 
adaptability. Suppose there’s a change 
in capacity requirements after installa- 
tion. No problem. Just by turning the 
float head around you can increase or 
decrease the flow range anywhere from 
25% to 33%. Substitute a heavier or 
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SB BROOKS INSTRUMENT COMPANY, INC. 


5010 W. Vine Street, Hatfield, Pa. 
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TRANSMIT LATER 


lighter float body, and you can raise 
or lower capacity a full 100%. Without 
disturbing calibration. 

And you can do the job in a matter 
of minutes. The Full-View’s side-plate, 
dowel-pin construction eliminates all 
alignment difficulties. It also makes the 
meter exceptionally rugged. And easy 
to maintain. In fact, it is probably the 
most sensible rotameter construction 
going. Why else would most of the 
“‘new’’ meter designs you see around 
be derivative of this idea, which Brooks 
developed fifteen years ago? 

Our Bulletin 115 will give you techni- 
cal data on the complete Full-View line. 
A word from you will put a copy in 
the mail. 


SA-2498 


CIRCLE 124 ON READER-SERVICE CARD 


Page 1926 


Instruments & Control Systems—Vol. 34 





TA 


E PREPARATION SYSTEM 


New Tapemaker typewriter-oper- 
ated paper tape preparation system 
uses photoelectric encoding techniques 
which eliminate electrical and electro- 
mechanical encoding matrices, con- 
tacts, and switches. Consists of type- 
writer, photoelectric encoder, and pa- 
per tape punch. Prepares any code in 
5-, 6-, T- or 8-level tape.—Invac Corp., 
Natick, Mass. 
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PRESSURE TRANSDUCERS 


New Model 430 Absolute Pressure 
Transducer and companion Model 530 
Differential Pressure Transducer fea- 
ture individually calibrated pressure 
capsule that drives fully counterbal- 
anced wiper arm which multiplies 
minute motion of pressure capsule to 
actuate potentiometer wiper. Bulle- 
tin—Bourns, Inc., Instrument Div., 
6135 Magnolia Ave., Riverside, Calif. 
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SWEEPING-IMAGE RECORDER 


Rs 


See eee 

New Model 339B Photo-Instrumen- 
tation System provides self-contained 
facilities to study high-speed tran- 
sient events with velocities up to 
200,000 ft/sec and with duration 
times down to 5 x 10° sec. System 
consists of sweeping-image camera, 
high-speed rotating mirror (200 to 
2600 rps). Recording time is 131 
usec total and recording rate is 0.05 
mm/usec.—Beckman & Whitley, Inc., 
San Carlos, Calif. 
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This month— 

Instruments and Control Systems’ 
ANNUAL BUYERS’ GUIDE 
goes to all subscribers 

The Guide is not sold separately. 
If you want your own copy, 
use the card opposite page 1911 
to subscribe to ICS. You'll find 
much valuable buying data in 
this, industry's only complete 
directory of instrumentation 
and control equipment. 
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OXYGEN ANALYZER 


New ex- 
plosion- 
proof, low- 
range Oxy- 
gen Analyzer 
Model 632C 
for gas mix- 
tures has 
dual-range 
design, af- 
fords preci- 
sion analysis 
(42%) un- 
der normal 
operation, is 
not affected 
by hydrogen 
or other hydrocarbons in background 
gas. Features built-in indicator; re- 
quires no external receiver; applies 
new paramagnetism concept.—Hays 
Corp., 742 E. 8 St., Michigan City, 
Ind. 
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wah nll NEW TUMBLE RATE 
TEST STAND 


BY KEARFOT1 


The Kearfott CO5 6452 008 Tumble Rate Test Stand, is a 


highly precise unit used to test gyros and other devices requir- 
indicator shows orifice position which ing precise orientation or rotation. This unit features: rotary 
can be set and locked with optional table locking arrangement to permit selection of 0°, 90°, 180”, 
yer a en pect threads att and 270° static angular positions; ultra-precise tapered roller 
CERNGS TESTE GOCE, Yepreslng gor bearings to provide rugged, low-friction, accurate turntable 


New Indicator Valve with outside 


rosion and galling. Made in sizes %” 2 , apie ; 
to 4” with variety of standard tips mounting; 30 heavy-duty, low-noise slip rings to provide for 


and seats; pressure ratings to 10,000 signal and power transfer requirements; two-motor drive sys- 

psi working pressure; manual or air tem to assure system stability and freedom from backlash, 

actuated.—Flow Systems, Inc., 842 high gear reduction and large diameter bull gear mounted di- 
Production Pl., Newport Beach, Calif. ‘ : 

CWMELE 548 08 MaabERe rectly on table stand to enable high torque-to-voltage gradient, 
-SERVICE CARD eee : : : 

and leveling jacks, with hold-down bolts and azimuth adjust- 

RECTIFIER TEST SET ing locking device, to insure fine level and polar alignments. 


Rotation Rates: 150° and 300° per hour 
Table Rate Stability: 0.2% 


Table Axis Wobble: 10 arc sec. (max.) 
TYPICAL Tilting Range: +90° 


DATA Table Surface: flat to 0.0001 (or 
; better as required) 


Ne irements: 115 VAC, 6 1 ph 
New Model OA-1 Silicon Controlled a een 15 we San lyme eal 


Rectifier Test Set contains continu- 
ously-controllable power supply of up 
to 600 v and current supply up to 10 
amp. Front panel connections are Write for complete data 
phony for external gate bias volt- KEARFOTT DIVISION 
ages and for graphic display of volt- 
age and current chavacterintiés on ex- D GENERAL PRECISION. INC. 
ternal oscilloscopes.—Baird-Atomic, 
Inc., 33 University Rd., Cambridge Little Falls, New Jersey 
38, Mass. 
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Dimensions: 2’ long x 2’ high x 2’ in 
diameter 
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RECEPTACLE JACK 


New printed-circuit Receptacle 
Jack SKT-111PC features Teflon body 
and spinover for vertical mounting 
on printed-circuit board. Accepts 
standard 0.080”-dia probe x 0.250” 
max.—Sealectro Corp., 319 Hoyt St., 
Mamaroneck, N. Y. 
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MgO THERMOCOUPLES 


New line of standard magnesium 
oxide Thermocouples includes several 
configurations, assortment of designs. 
Specs common to all units; 304 stain- 
less steel sheath, stainless steel midget 
packing gland, grounded hot junc- 
tions, %” OD sheath, thermocouple 
wire which meets ISA special limits 
of error.—Conax Corp., 2300 Walden 
Ave., Buffalo 25, N. Y. 
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SOLID-STATE TIME DELAY 


New line of solid- gus. a 


state Timers for use 
from several sec- 
onds to 15 minutes 
feature reliability 
and compactness. 
Units have applica- | 
tions as sequencers, © 
time delays, and 
automatic cycling 
switches. Standard 
operative voltage ,18 
to 28 de.—Crane 
Electronics, 4345 
Hollister Ave., San- ~~ 
ta Barbara, Calif. 
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l-MC DECADE SCALER 


New 1-Mc counter mod- 
ule Decade Scaler utilizes 
8-4-2-1 binary code to 
count random serial pulses 
at any rate up to 1 Mc. 
Any number of units can 
be cascaded by front panel 
connectors to accomo- 
date counts of any length; 
total count in all inter- 
connected scalers is vis- 
ually displayed on front 
panels in_ neon-lighted 
decimal digits. Bulletin.— 
Harvey-Wells Electronics, 

w# -‘Inc., 14 Huron Dr., Na- 
“ tick, Mass. 
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Hi PRESS THERMOCOUPLE 


New miniature Thermocouple Assem- 
blies utilize %” OD Trinox sheathed 
element which contains 30-gage 
thermocouple wire. Designed for in- 
stallation in pipe line carrying poly- 
ethylene at high pressure. Hot junc- 
tion is shaped like screwdriver tip.— 
Trinity Equipment Corp., Cortland, 
Woe: 
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AMPLI-OHM 


New transistorized Ampli-Ohm AO- 
45, dual purpose industrial-electronics 
tool, features pre-amplifier capabili- 
ties and ability to convert voltmeter 
to ohmmeter; extends range of ordi- 
nary digital voltmeter into micro-volt 
ranges.—Cubic Corp., 5575 Kearny 
Villa Rd., San Diego 11, Calif. 
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3 new instruments 
fol mol geleot-t-t-Mmeotelaliae)| 


MV-1 POTENTIOMETER } 


For testing, calibrating cr servicing newest process con 
tollers and amplifiers which convert millivolt input signals 
into proportional currents for control or telemetering 
Combines all functions of precision potentiometer, milli- 
volt source and milliammeter. 1/10 of 1% accuracy 


@ ELIMINATE 
DELAYS! 


@ KEEP YOUR 
OPERATING COSTS 
WHERE THEY 
SHOULD BE! 





5%” x 8” x 5%6”. 5% Ibs. 


4 THE AUTOCOMP 1 


For instrument checking and thermocouple measuring. 
Gives automatic cold junction compensation to devices 
used for measuring or controlling with thermocouples. 
Exclusive circuit employs thermistor network to match 
non-linear characteristics of thermocouples with output 
characteristics of bridge. 53%” x 8” x 5%.5”. 6 Ibs. 


RU-1 “RUN UP” SOURCE } 


Combination millivolt and milliampere “run up” source 
for instrument calibration. Checks newest process con- 
troliers and amplifiers. Current source furnished by two 
self-contained 90V batteries made to give stable, uniform 
outputs with cold cathode type voltage regulator tube. 
Self-contained. 5%” x 8” x 5%”. 10 Ibs. 


TECHNIQUE 
ASSOCIATES 
A Division of Duncan Electric Co., Inc. 
P.O. BOX 91 «INDIANAPOLIS 6, INDIANA 
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40-POUND BENCH MODEL 106 

Here is a speedy, economical 2 or 3-dimen 

sional engraver used by thousands of dollar-con- 

scious companies. It features 5 positive, accurate 
pantographic ratios; ball bearing spindle with 3 speeds 

up to 14,000rpm. !s supplied with one copy carrier that 
accepts all standard master type sizes. Will actually work up 
to 10” by any width. Height of pantograph and 
position of cutter are continuously adjustable. 


MODEL D-2 HEAVY-DUTY 2-DIMENSIONAL 
Pantograph for milling, drilling and engraving. 


Vertical adjustment of copy table automatic with 
Pantograph. Features: unobstructed on 3 sides to take 
large work; micrometer adjustment for depth of cut; 
ball bearing construction throughout; spindle speeds up 
to 26,000 rpm for engraving or machining; vertical 
range over 10”; ratios 2 to 1 to infinity — 

master copy area 26” x 10” 


You Make 

Your Own 

Engraved 
Nameplates! 














for use with Model D2 Pantograph Engraver 
to rapidly drill holes in printed circuits by trac- 
ing templates. Drills as many as 100 holes per 
minute. Equipped with foot switch; spindle 
air cylinder; regulating valve and pressure 
geuge; filter and oiler. it's ready to use as 
soon as it's attached to an air compressor 


GREEN INSTRUMENT COMPANY, INC 
Dept. (EE 295 Vassar St 


Cambridge 39, Mass. Tel. Eliot 4-2989 
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LOW PRESSURE TRANSDUCER 


New low-pressure Transducer Mod- 
el 426 features sealed stainless-steel 
case which houses Ni-Span-C capsule 
driving flexure linkage potentiometer 
wiper. Static error band accuracy is 
+1.0%; range is 0-5 to 0-200 psia or 
psig; nominal resolution is 0.30 at 
10,000 ohms. Bulletin—Bourns, Inc., 
Instrument Div., 6135 Magnolia Ave., 
Riverside, Calif. 
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BIDIRECTIONAL COUNTER 


New transistorized, compact Bidi- 
rectional Counter indicates true posi- 
tion while going through zero in 
either direction, e.g., when counting 
from +5 to —5, eliminating need for 
external reset to establish reference. 
Counter works with transducer, con- 
verts electrical impulses to Nixie tube 
visual readout and to digital type 
electrical readout; counting rate is 
45,000 counts/sec.—Hydro-Aire Co., 
Div. Crane Co., 300 Winona Blovd., 
Burbank, Calif. 
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CONDUCTIVE PLASTIC POT 


New “Fairite” line of Conductive 
Plastic Potentiometers utilizes con- 
tinuous bulk track of conductive heat- 
resistant plastic co-molded with in- 
sulating base of same material. Con- 
tinuous conductive track provides in- 
finite resolution (less than 0.005°). 
Resistance range is 2-50 Kohms 
(+10%); standard linearity, 0.5%; 
power rating, 2 w at 20°C with 3-400 
ppm negative temperature coefficient. 
—Fairchild Controls Corp., 225 Park 
Ave., Hicksville, L. I., N. Y. 
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new ihe price! 
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: Electronic Resistance Thermomet 


Direct temperature reading from - 100° 


Newly perfected design! Gives direct digital 
reading of temperature, from minus 100°C 
to plus 900°C, with an unusually high degree 
of accuracy: 0.25°C or 0.2% (whichever is 
greater). Eliminates the time-consuming 
calculations normally necessitated with high 
precision resistance thermometry. Each 
resistance bulb and bridge individually cali- 
brated. Vacuum sealed platinum elements 
and leads in resistance bulb... hermetically 
sealed head... choice of stainless steel or 
quartz jacket. Plug-in controller accessory 
with 0.2°C reproducibility. 


C to 900°C with 0.25°C accuracy | ! 


RT 1000 Electronic Resistance Ther- 

mometer individually calibrated but with- 

out Bulb or Controller $975.00 

RT 1100 Stainless Steel Bulb, 
only 

RT 1200 Quartz Bulb, only. 

RT 1300 Temperature 


Controller, only 


385.00 
385.00 


112.50 


See your local laboratory supply dealer 


HASTA 


26 N. Moore St.,New or sono 13, N.Y. 
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magnetic storace | Unique Combination 


plus for 


MAGNETIC LOGIC 


Only DI-AN offers a combination of core 
memory and core logic that drastically 
reduces the semiconductor count in the 
circuitry required for control, address, 
drive, decoding, format conversion, and 
fullness control. Every one of DI-AN’s 
264 standard sequential-access buffer 
designs employs this exclusive feature. 
You will find, therefore, that these 
buffers are remarkably compact, sig- 
nificantly lower in cost, and far more 
reliable than ordinary equipment de- 
signed for equivalent performance. 


Cai |[an 


magnetic digital/analog systems and components 7 


highest 


Buffer Reliability 


DI-AN buffers can do more, too. The 
unique flexibility of magnetic logic, as 
applied by the most experienced digital- 
magnetic engineering staff in the field, 
can route more data, in more complex 
formats and programs — per dollar, per 
watt, and per cubic inch. 

Write for details. Your name will auto- 
matically be added to the list that 
receives our newest “textbook” —a 
handbook on the theory and ee a 
of sequential-access buffers... off the 
press next month. 


: DI/AN CONTROLS, INC. 


944 Dorchester Ave., Boston 25, Mass. @ AVenue 8-7700 


TWX DORCH 1057 
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SENSITIVE RESEARCH 


FLUXMETERS 


Portable, .5% accurate DC flux- 
meters provide a simplified 
method for the rapid measure- 
ment of magnetic flux density 
(B) and magnetic field strength 
(H). 


The fluxmeter is a zero torque 
movement with indications 
based on flux linkage changes 
in an external search coil. De- 
flection is proportional to total 
quantity of charge moved 
through coil and the instrument 
may therefore be applied as an 
integrator. Basic sensitivity is 
10,000 maxwells per division 
for a 1 turn search coil. Sensi- 
tivity is proportional to number 
of turns on the search coil. 
Model FM (Ranges: Xx1/x3/x10/ 
x30/x100) Price $310.00 
Model FS (Single range) 
Price $215.00 


Model MAT does magnetic test- 
ing in conformance with meth- 
ods prescribed by the ASTM. 
Specifically designed for 1) the 
determination of magnetization 
curves and hysteresis loops; 2) 
measurement of core loss using 
Epstein specimens, ring cores 
or E and | cores; 3) measure- 
ment of DC flux density or mag- 
netic field strength; 4) measure- 
ment of AC permeability. 
Price $2,775.00 
Model COL provides the user 
with a high accuracy method of 
measuring AC core loss and ex: 
citing current. Price $1,675.00 


SENSITIVE 


RESEARCH 


INSTRUMENT CORPORATION 
NEW ROCHELLE, N.Y 
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DIGITAL MODULE TESTER 


New Model DH-65 Digital Module 
Tester provides appropriate inputs 
(power and signal) and loads (resis- 
tive and capacitive) for complete 
monitoring operation of Cubic mod- 
ules. Any two module pins can be 
monitored simultaneously.—Cubic 
Corp., 5575 Kearny Villa Rd., San 
Diego 11, Calif. 
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TWO-CHANNEL DIRECT WRITER 


New Sanborn 296 2-channel direct 
writing Oscillograph accepts any of 
Series 350 interchangeable preampli- 
fiers. Readout recording by heating 
stylii on rectangular-coordinate Per- 
mapaper® charts with 50-mm chan- 
nels. Basic sensitivity is 0.1 v/mm, 
frequency response to 125 cps within 
3 db at 10 mm peak-to-peak ampli- 
tudes.—Sanborn Co., Industrial Div., 
175 Wyman St., Waltham 54, Mass. 
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PRODUCTION RECORDER 


oe ae 





New Model OR-4 Electric Tachom- 
eter Operation Recorder uses special 
waxed charts driven by timing motor, 
records operating and down time of 
up to 10 machines simultaneously. 
Stationary heating element for each 
channel melts small portion of wax. 
—Electric Tachometer Corp., 68 and 
Upland Sts., Phila. 42, Pa. 
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SEAMLESS METAL TUBE... 
SOLID DIELECTRIC... 
SOLID INNER CONDUCTOR 


Widely accepted for its per- 
formance-proved character- 
istics over a wide range of 
applications. 


COAXITUBE in Electronics as- 
sures lower attenuation and a 
minimum of false signal pick- 
up ...is electrically equivalent 
to all RG/U cables. 


COAXITUBE in electro- 
mechanics guarantees com- 
plete weather-proofing with 
minimum weight. 

The center conductor is a solid 
or stranded copper wire, di- 
electric may be teflon or 
polyethylene. Outer conductor 
may be copper, aluminum or 
other non-ferrous alloy to 
meet requirements of weight, 
tensile strength or fatigue 
factors. 


COAXITUBE is available in 
straight random lengths or coils 
to 40 feet... some in coils fo 
200 feet. It can also be fur- 
nished straightened, cut, 
stripped and formed in ac- 
cordance with your sketch or 
drawing. Write for full tech- 
nical details to— 


PRECISION TUBE COMPANY, INC. 
North Wales, Pa. 


RECISION 


TUBE COMPANY 


PRECISION-EERS OF SMALL TUBING 
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BALL VALVE 


New Ball Valve of Type 316 stain- 
less steel is for corrosive fluids and 
gases features of this new ball valve 
is its precision construction, precision 
molded and machined Teflon seats, 
top-entry design, self-aligning ball, 
straight-through flow, and leak-proof 
performance. Available in 4%” to 2” 
sizes.—Lunkenheimer Co., Beekman 
St. at Waverly Ave., Cincinnati 14, 
Ohio. 
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TEMPERATURE CONTROLLER 


Rs i 

New 6000-A Series Indicating Tem- 
perature Controllers utilize precision 
Wheatstone bridge circuit with choice 
of 4 control modes from on-off through 
proportional and 3-position operation, 
and fail-safe resistance sensing ele- 
ment. Ranges: —300° to 2000°F.— 
Electronic Processing Corp., 436 Bry- 
ant St., San Francisco, Calif. 

CIRCLE 363 ON READER-SERVICE CARD 


SURFACE TESTER 


New Leitz Light Wave Surface 
Tester, Interference Microscope for 
checking highly finished surfaces, de- 
termines smoothness of surface finish 
interferometrically without making 
actual contact with surface under 
test. Employs Michelson beam splitter 
method.—Opto-Metric Tools, Inc., 137 
Varick St., New York 18, N. Y. 
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G. W. DAHL - G. W. DAHL - GW. DAHL «+ G. W. DAHL - G. W. DAHL 


MINIATURE 
CONTROL VALVES y 
REDUCE SPACE, , Woe 
WEIGHT, COSTS! 


Dahl BANTAM Control Valve, N.P.T. Teflon packing eliminates 
Model 2020... for on-off, quick- frequent adjustment, reduces 
opening, or moderate throttling maintenance. Maximum C, is 
control... features excellent flow 40.0; seat areas up to 3.1 sq. in.; 
characteristics, low hysteresis, %” lift. 
and fast response. Optional plug Similar series include valves 
trims determine type of control. with reverse-acting plugs held 
Rated for 150 psisteam or 300 _ closed by spring compression and 
psi liquids and gases, the highly three-way styles for diverting, 
compact 2020 series offerschoice blending or selecting. Request 
of 8, 15, or 50 square-inch re- Catalog B-1 for complete data. 
verse or direct-acting, diaphragm Write G. W. Dahl Co., Inc., 82 
operators. Connections in cast Tupelo Street, Bristol, Rhode 
globe body range from 4” to 2” _ Island. 


G. Ww. DAHL Cco., INC. 


SPECIALISTS IN COMPACT VALVES AND CONTROLS 


G. W. DAHL + G. W. DAHL - G. W. DAHL - G. W. DAHL - G. W. DAHL 
THVG "M‘9 > IHVG 'M'D > IHVaG'M ‘9D * IHVA'M‘'S + IHva "mM ‘SD 


G. W. DAHL + G. W. DAHL - G. W. DAHL - G. W. DAHL - G. W. DAHL 
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any. size panels” 


engraved in your own plant 


Engrave l-inch nameplates or 
6-foot panels by unskilled 
labor. 

Spindle covers 18%" x 6” in 
one set-up — more than any 
other machine of its kind. 


Bench type model I-R— $685. | Send for complete catalog JR-4 
a Bee) ila PoP Sart ee oak Gets ee Arg Rie eth ae 2 


illustrating other models from $325 un 











mew hermtes ENGRAVING MACHINE CORP 


154 WEST 14th STREET, NEW YORK.11, N.Y IN CANADA: 359 St. James Street West, Montreal, P Q 
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SENSITIVE RESEARCH 


CONSOLES 


Model LTC-1 


The only AC and DC calibra- 
tion console to offer these ad- 
vantages! 
@ Accuracy: +.05% of reading 
@ Frequency Response: DC to 
25 kc. 
e Current Range: 1 ma. to 
11.11 amps 
@ Voltage Range: .5v.tollllv. 
Readout directly in ‘*% 
Error.” 
Thermocouple Overload Pro- 
tection 
Self-contained for one man 


operation. 
Price $5,560.00 


Model LTCA-1 calibration con- 
sole for high speed thermal opera- 
tion. Specs similar to model LTC-1. 
Price $4,450.00 
Model LTA-1 console employs 
Hermach-type thermal transfer for 
potentiometric readout. 


Price $2,750.00 


Mode! RFVC 


RADIO FREQUENCY CALIBRA- 
TOR for the certification of 
VTVM’'s from DC to 10 me. 
Accuracy +.3% of full scale; 
+.2% maximum frequency in- 
fluence. Ranges .01/.1/1/3 V. 
Responds to true RMS. Com- 
pletely “Self Checking” against 
an internal reference source 
Diamond Pivoted, of course! 


Price $840.00 


SENSITIVE 


RESEARCH 
INSTRUMENT CORPORATION 


NEW ROCHELLE, N.Y 
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New general-purpose Pressure Cell | 


features SR-4 foil strain gages, fully 
active four-arm Wheatstone bridge, 
direct bonding of gages to pressure- 
sensing element, and accessible ex- 
ternal compensating resistors. Cali- 
brated to 0.15% accuracy. Available 
in eleven capacities from 0-100 psi 
through 0-10,000 psi—Baldwin-Lima- 
Hamilton Corp., Electronics & Instru- 
mentation Div., 42 Fourth Ave., 
Waltham 54, Mass. 
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EXPANDED SCALE VOLTMETER 


pare 


New expanded-scale Recording Volt- 
meter monitors voltage fluctuations 
using no tubes or transistors. Re- 
sponds fully to 100-msec pulse, com- 
pared with approx 1 sec for dynamom- 
eter-type or 0.5 sec for rectifier-type. 


Sensitivity is down to 0.25 v in 120-v | 


system.—Brenner-Fiedler & Assoc., 
Inc., 7563 Melrose Ave., Los Angeles 
46, Calif. 
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VOLTAGE RATIOMETER 


New Model 551 Complex Voltage | 


Ratiometer makes precision a-c meas- 
urements in magnitude and phase 


angle, as well as in-phase and quad- | 
rature components. Has inductive di- | 


vider (RB-504 Radio Box) with in- 
herent 1-ppm accuracy for ratio 
reference and Model VM-204 three- 
frequency phase-angle voltmeter as 
null detector.—North Atlantic Indus- 
tries, Inc., Terminal Dr., Plainview, 
| POE FAD | eek 
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ANALOG TO 
PULSE DURATION 
INSTRUMENTATION 








HERE’S THE FIRST 
SMALL COMPLETE 
DATA-ACQUISITION 
SYSTEM scsi 


Acquisition system is a complete and 
compact solid-state packaged system 
designed to meet a wide range of 
instrumentation requirements. You can 
use it to read out thermocouples, 
resistance thermometers, strain-gage 
transducers or any other DC voltage 
low-impedance sensors. Modular plug-in 
board design allows great flexibility— 
one chassis can provide a complete 
20-channel system. 


Data is sampled at 20 samples per 
second; repeatability is 0.1% of full 
scale. Output can be shown or recorded 
directly in engineering units with sign 
indication and channel identification. 
Readout can be converted to punch 
tape, magnetic tape, typewriter or other 
storage medium. 


The new Genisco APD requires low 

power. and is ideal for portable, lab- 

oratory, or field use. Call or write 

today for prices and complete details. 
*Patent Applied For 





( jenisco 


2233 Federal Ave., Los Angeles 64, California 
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LOW FLOW CONTROL VALVES 


New 1400-Series compact Valves 
for regulating flow of small streams 
of air, water, steam, or chemical solu- 
tions includes low-cost, lightweight 
diaphragm-actuated model, high-per- 
formance diaphragm model, ultra- 
low-flow model, and two models with 
electric actuators using low or line 
voltage, offering two-position, float- 
ing or proportional control and strok- 
ing speeds as low as 7.5 sec. Avail- 
able in %”, %” and 1” sizes with wide 
selection of reduced inner ports to 
C.’s from 0.025 to 11—Minneapolis- 
Honeywell Regulator Co., Valve Div., 
Fort Washington, Pa. 
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LEAK-TIGHT FITTING 


geome 6 i il 


New Swagelok KayZee Tube Fitting 
consists of brass-tube fitting body 
with Zytel ferrules and brass knurled 
nut for finger-tight, leak-proof assem- 
bly with polyethylene tubing for vacu- 
um or pressure applications. Stock 
sizes 4%” and %” OD tubing.—Craw- 
ford Fitting Co., 884 E. 140th St., 
Cleveland 10, Ohio. 
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TRUE RMS VOLTMETER 


%: 


New high-accuracy Autograf Model 
21 RMS Voltmeter, multi-range, 
servo-operated instrument, covers 
voltage range 10 mv to 200 v rms full 
scale in 14 steps; operates from 5 cps 
to 100 ke with sinusoidal input. Accu- 
racy, measured at 1 ke from first 10% 
of scale to full scale, is +0.25%.— 
F. L. Moseley Co., 409 N. Fair Oaks 
Ave., Pasadena, Calif. 
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Got a glass problem? 
T.H. GARNER COMPANY 
IS DIFFERENT 


We machine-draw tubing 
to your new dimensions and 
ship in a matter of hours. 


If your problem can be resolved by new dimen- 
sions (0.D., 1.D., length) or tolerances, call us 
today for service. 

Our own glass tube drawing facilities running 
24 hours a day give us the flexibility to handle 
a variety of changes quickly. 

Your job is immediately assigned to one of 
several drawing and cutting systems guaranteed 
to produce the best quality and yields. 

Garner capacity for millions of parts weekly is 
built on routine manufacturing to many dimen- 
sions in many glass types. Our quality is based on 
in-plant designed equipment. We can give you 
tolerance control 366 days a year. 

Reliability? Our rejection rate on over a billion 
parts shipped is less than % of 1% by actual 


4 count. 
Send for Complete Data. 


1TH. GARNER COMPANY 


4] 177 S. indian Hill Bivd., Claremont, Calif. 
'Lil NAtional 6-3526 


> 
Serving the electronic and instrumentation 
since 1953 


fields 
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FIRST AND ONLY 


RECORDING pH METER 


Permanent pH Record e« Simple to 
Operate « Adaptable « No Ink 


A pH meter and strip chart recorder in one. 
Line operated. Continuously indicating. Can 
record continuously for 31 days at one inch 
per hour. With manual temperature com- 
pensator. Write for Bulletin No. 3R. 


Price $245.00 complete, with 
Analytical protected pH probe unit 


ANALYTICAL MEASUREMENTS, INC, Chotham, New Jersey 
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Outstanding 


FEATURES 
e Eliminates batteries 
..errors due to bat- 

tery exhaustion 
Bye ° Reliable construc- 
tion... from quality 
components, long, 


© constant Voitage Unit I trouble-free service 

pee A ee voltage 

Replaces Batteries and All regulator. . . max. 

Standardizing Components sian oo" 
Including Standard Cell In © Quickly Installed 

POTENTIOMETERS / NSTRU[AB, INC. Fits present instru- 

© CONTROLLERS © INDICATORS 1205 Lamar Street ment battery space. 


@ RECORDERS Dayton 4, Ohio © No Tubes to replace 
Phone BA 3-2241 s 


/wsTRu, R's 


Temperature Compensated 
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SENSITIVE RESEARCH 


.05% accurate 
+ Miniature DC 
Potentiometer! 


Model PC 


PocketPot 


Precision DC measuring po- 
tentiometer with self-con- 
tained galvanometer and bat- 
tery operated standardiza- 
tion circuit. Direct “in line” 
readout. Additional voltage 
and current ranges can be 
obtained by using it in com- 
bination with the Model PC- 
S, a switch controlled, .05% 
accurate “plug in” unit of 
the same size, 


Additional Specifications 

ACCURACY: + .05% of read- 
ing or = .5 mv., which- 
ever is greater. 

RANGES: 0—5.100 v; when 
used with PC-S, 0—500 v. 
and O—1 amp. 

RESOLUTION: Continuous. 1 
mv. divisions on slide 
wire, 

SENSITIVITY: Infinite resist- 
ance at null. When used 
with PC-S, 2,000 2/v 

SIZE: 9” x 4%" x 1%". 

WEIGHT: 3 Ibs. 

PRICE: Model PC, $450.00; 
Model PC-S, $175.00. 


*Copyright U.S.A 
Patent Applied for 
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New Digital Pattern Generator, 
transistorized test instrument, 
vides adjustable time division pulse 


| pattern of nearly any description. | 
| Output wave form can be varied in 
| number of pulses, amplitude of pulse, 
| pulse duration, and duration of posi- 


tive pulses with respect to negative 
pulses.—Magnavox Co., Government 
and Industrial Div., Urbana, IIl. 
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AUTOMATIC OSCILLOSCOPE 


New solid-state 10-Mc fully-auto- 
matic Oscilloscope displays perfectly 
sized and positioned picture of wave- 
form under test regardless of input 


| voltage magnitude, frequency, or d-c 


offset. Uses automatic sweep speed, 
sensitivity, and positioning. Has 5” 


| CRT.—California Instruments Corp., 


3511 Midway Dr., San Diego 10, 


| Calif. 
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RESISTOR TUBING 


New Restrictor Tubing with certi- 
fication covering 100% testing of tub- 
ing to meet flow specifications is 
capped at both ends with heat-sealed 


plastic. Sizes 0.072” OD x 0.026” ID 
to 0.172” OD x 0.115” ID.—Kensico 


Tube Co. Div., Robinson Technical 
Products, Inc., Mt. Kisco, N. Y. 
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TEMPERATURE SENSOR 





New immersion-type platinum Re- 


| sistance Temperature Sensor Model 


176 has 0.2-sec time constant tempera- 
ture range —435° to +500°F.—Rose- 
mount Eng. Co., 4900 W. 78 St., 


INSTRUMENT CORPORATION | Minneapolis 24, Minn. 


NEW ROCHELLE, N.Y 
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TWo- STAGE W ELCH 
“DUO-SEAL” 
VACUUM PUMP No. 1398 _ 


50 CFM (1400 LITERS/MINUTE) 


1 x 10 mm Hg 
(0.1 MICRONS) 


Tur YOUNGEST, BUT LARGEST 


| MEMBERof the Welch family of “Duo-Seal” 


oil sealed rotary vacuum pumps makes 


| its appearance as the No. 1398. This new 
| pump offers very high capacity and ex- 


cellent ultimate vacuum characteristics 
with no sacrifice of long life, low mainte- 


| nance, freedom from vibration and mini- 


mum noise level. These features have long 
made Welch “Duo-Seal” pumps the most 
widely used of all rotary vacuum pumps. 


1398's, like all Welch ‘“Duo-Seal” Pumps, 


| are thoroughly run-in at the factory and 


tested until they exceed their vacuum 


| guarantee. 
| The new 1398 is highly recommended for 


all industrial and laboratory applications 


' requiring high pumping capacities and 
| low pressures. Typical uses are electron 


tube evacuation, vacuum distillation, de- 


| hydration, reduction, sublimation, metal- 


lizing, metal processing, leak detection, 


| hermetic sealing and back-filling, impreg- 
| nation and general scientific studies. 


IMPORTANT FEATURES: 
e High pumping speed — 
50 CFM (1400 liters/minute) 
@ Low ultimate pressure — 
1 x 10-* mm Hg (McLeod) 
® Quiet, vibration-free operation 
e Compact, rugged design 
@ Air-cooled 
¢ Vented Exhaust Valve 
e Flanged, O-Ring-Sealed Intake Port 
® Totally Enclosed Belt Guard 
e Air intake Screen 
e Exhaust Filter 
@ Trouble-free, low maintenance 
WELCH “DUO-SEAL” PUMPS ARE CARRIED 
IN STOCK BY AUTHORIZED DEALERS. | eyes 
Welch Duo-Seal Vacuum Pumps are z 
manufactured in wide variety of capac- 
ities and ultimate vacuum character- 


istics. They range in capacities from / 
21 to 1400 liters minute and ultimates 


| from 2 x 10-7? mm Hg down tol x 10-* 


mm Hg. 
WRITE FOR DUO-SEAL CATALOG and 


| BULLETIN 1398 for full description 


and prices. 


yaa 
1509 N. Sedgwick Ste Chicago. 10, Hl. 
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SEMICONDUCTOR STRAIN 
GAGES 


New solid-state Strain Gages pro- 
vide higher working strain levels, in- 
creased flexibility, better handling 
characteristics. Resistance ranges: 
120 to 5,000 ohms. Bulletin.—Kulite- 
Bytrex Corp., 50 Hunt St., Newton 
58, Mass. 
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MINIATURE INDUCTOR 


New addition extends Wee-Ductor 
values from 0.1 to 56,000 uhenries 
with lees than 2% coupling when as- 


sembled side by piv ag Meeting MIL- 
C-15305A requirements, it measures 
only 0.160” diameter x 0.375” long.— 
Essex Electronics, Div. of Nytronics, 
Inc., 550 Springfield Ave., Berkeley 
Heights, N. J. 
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DRIVER AMPLIFIER 


New solid-state chopper-stabilized 
Model AD123 Unity Gain Driver 
Amplifier has bandwidth less than 3 
db down de to 80 ke; features double 
level isolation; drives galvanometers, 
servo valves, etc. with low impedance 
load requirements. Output capability 
is +10 v at +100 ma; gain is 1.00; 
gain accuracy within 1% at de. Out- 
put impedance is less than 1 ohm to 
1 ke and less than 20 ohms to 30 ke. 
—Computer Engineering Assocs., 350 
N. Halstead, Pasadena, Calif. 
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CABINET 


New Shadow Cabinet has remov- 
able front and rear panels, as well as 
bottom, for installation or servicing. 
Made in four sizes. —Bud Radio, Inc., 
2118 E. 55 St., Cleveland 3, Ohio. 


CAPILLARY TUBE AND BULB 


aw 


New one-piece Capillary Tube and 
Bulb Assembly is made to specifica- 
tions but range offered includes bulb 
sizes up to %” OD max with capillary 
tubing of 0.010” ID minimum.— 
Kensico Tube Co. Div., Robinson 
Technical Products, Inc., Mt. Kisco, 
A 
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VOLTAGE CALIBRATOR 





New SV-194 Voltage Calibrator 
checks calibration adjustments of ac- 
curate d-c voltmeters to within 0.01%. 
Output voltages 0.05-1,000 are pro- 
vided.—Electro Scientific Industries 
(formerly Electro Measurements), 
7524 SW Macadam Ave., Portland 
19, Ore. 
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CAMBRIDGE 40 


A. D. JONES OPTICAL WORKS 


2400 MASSACHUSETTS AVENUE 
MASSACHUSETTS 





TRowbridge 6-3368—3369 


People usually associate Optics with glass only. 
The following materials, successfully processed here 
by sawing, grinding and polishing or drilling are of 
value to designers, engineers and manufacturers. Most 
materials are supplied by our customers for their 


orders. 


Aes Ha ng 
ALUMIN N SINGLE aie 


ARSENIC. TRISULPHIDE LITHIUM FERRIT 
Lape TITANATE MAGNESIUM StANteS 


CALCIUM TUNGSTATE 

CARBORUNDUM 

CERAMIC POTASSIUM BROMIDE 
COBALT FERRITE PYREX 

COPPER QUARTZ, CRYSTAL 
CORNING 707 

CORNING 7052 

FERRITE 


FERROX 
FLUORIDE, CALCIUM 
FLUORIDE, LITHIUM 
GALLIUM ANTIMONIDE T 
GARNET wea DIOXIDE 
GERMANIUM vyc 

X-RAY LEAD GLASS 

1UM 


OLD 
INDIUM ANTIMONITE VANAD 
INDIUM PHOSPHIDE 


SoDiUM CHLORIDE 
STRONTIUM TITANATE 
EFLON 











CIRCLE 141 ON READER-SERVICE CARD 


Ackerman Engravers Stock Dials range from 
2 to 6 inches in diameter, and are engraved in 
various configurations up to 360 graduations, 
clockwise and counter-clockwise. Ring dials, 
drum dials, verniers, knobs, and hubs are also 
available, A number of finishes all of which meet 
military specifications can be had. 


Whatever your Dial specification, etock or custom 
consult Ackerman Engravers. 


ACKERMAN ENGRAVERS, INC. 


43-22 36 St Long Island City 1 Y 
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STEPLESS VARIABLE SPEED 
SETS AND RESETS ACCURATELY 


FOR GASOLINE DIESEL & GAS ENGINES 


Synchro-Start'’s new protective engine controls have 
been designed, for the starting and stopping of 
engines from remote pilot devices, such as pressure 
switches, float switches, power failure relays, etc., 
and are completely automatic in operation. 


These dependable controls are encased in a steel, 
dust proof cabinet, and now feature enclosed PLUG- 
IN RELAYS as well as OVERLOAD BREAKERS. The 
plug-in relays simplify what little field maintenance 
that may have been required in older models, while 
the overload breakers eliminate the necessity of 
replacing fuses. 


> 


ee 3 


This Zero-Max screw control gives exact speed settings. It is one 
of many options from the standard lever type control 

Zero-Max drives deliver constant torque, are truly stepless— § 
zero to maximum—available with instant reverse and neutral. § 
They are low cost, small in size but big in power and performance. | 
Over 30 basic fhp models (1/15 to 3/4 hp) carry torque ratings of § 
3 to 450 in. Ibs. and speed ranges to 0 to 1200 rpm. Drives come | 
with or without motors and gearheads. 

Send for free catalog and name of your nearest representative. 


In designing this unit we have used the same high 
quality materials and workmanship that our custom- 
ers have come to expect throughout Synchro-Start's 


Thee ZERO-MAX: Company 


2885 Harriet Avenue South 
Minneapolis 8, Minn. 
TAylor 7-5521 
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27 years of manufacturing engine controls. 


SYNCHRO-START PRODUCTS, INC. 


8151 NORTH RIDGEWAY AVENUE - 


Since 1932 
SKOKIE, ILLINOIS 
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TEMPERATURE TRANSDUCER 


New Model 2508 high-temperature, 
surface, resistance-temperature trans- 
ducer uses platinum element with re- 
sistance of 100 ohms +1% at 77°F, 
provides continuous operation at tem- 
peratures as high as 2000°F.—Winsco 
Instruments & Controls Co., 11789 W. 
Pico Blvd., Los Angeles 64, Calif. 
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DATA READOUT 


New Series 160000 rear-projection 
Data Readout uses new lens system 
for display on almost full viewing 
screen face. Affords more than 1% 
sq in of usable viewing area compared 
with % sq in of conventional models. 
—Industrial Electronic Engineers, 
Inc., 5528 Vineland Ave., North Holly- 
wood, Calif. 
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MINI STARTS COUNTER 


New %-oz Starts or Events Coun- 
ter (1%” sq x 1%”) operates from 
28-vde source, employs four-digit 
drum counter with range of 9999 
events or starts. Driven by single- 
phase hysteresis-type micro-miniature 
motor, %” dia by 9/32”, with torque 
of 0.00005 in-oz.—A. W. Haydon Co., 
Waterbury, Conn. 
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AC/DC CONVERTER- 
VOLTMETER 


New Model HVC-30 AC/DC Con- 
verter-Voltmeter provides 25-uv reso- 
lution on lowest scale with only 0.5% 
ripple down to 5 cps. Also can be used 
as 1% a-c vacuum tube voltmeter. 
Input ranges 10 mv to 300 v full 
scale-—Houston Instrument Corp., 
Box 22234, Houston 27, Tex. 
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DYNAMIC ANALYZER 


New Dynamic Analyzer, inherently 
frequency-tuned band pass filter, has 
center frequency positioned auto- 
matically and continuously by ex- 
ternal frequency such as tachometer 
or oscillator. Operation does not de- 
pend on internal servo control or fre- 
quency-to-de conversion. Technique al- 
lows use of extremely narrow band 
width filters.—General Dynamics/ 
Electronics, Information Technology 
Div., Box 2449, San Diego 12, Calif. 
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HEAT-SENSITIVE CHARTS 


New heat-sensitive Recording 
Charts provide fine trace lines, out- 
standing dimensional stability, and 
high degree of resistance to abrasion. 
Sample on request.—Graphic Controls 
Corp., 189 Van Rensselaer St., Buffalo 
10, N. Y. 
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cover WIDE FREQUENCY 
AND DYNAMIC RANGES 


MORE THAN 
10 KC anpd 
200 db 


Massa A.D.P. (Ammonium Di-Hydrogen Phos- 
phate) Sound Pressure Microphones provide 
reliable waveform reproductions of broad band 
sound such as generated by high intensity acous- 
tic noise facilities. Frequency responses, which 
extend well into the ultrasonic range, make these 
instruments ideally suited for steady state high 
frequency work or with transients having ex- 
tremely fast rise times. Compact in design, these 
microphones make excellent probe elements which 
fit into tiny circular openings and hard to 
reach spaces. 





Each model presents 
near infinite acoustic 
impedance and makes 
accurate measurements 
over wide dynamic and 
frequency ranges under 
practically any acoustic 
environment. Choice of 
model depends on sen- 
sitivity, ultimate fre- 
quency range and 
available test space. 











Write for Technical Bulletin SPM-5 


a oIVIsiIOn OF 


SLECTRONICS, Inc. 
280 LINCOLN STREET 
HINGHAM, MASSACHUSETTS 
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OPTICS BEAM TUBE 


Ts, 


New Cathode Ray Tube utilizing 
Charactron® shaped-beam-tube meth- 
od of character generation with full 
page-width fiber-optics-faceplate 
(8%” x %”) eliminates conventional 
lens systems and allows direct contact 
printing. Features high speed, high 
resolution.—General Dynamics/Elec- 
tronics, Information Technology Div., 
Box 2449, San Diego 12, Calif. 
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FLYING MAGNETIC HEADS 


Nw Flying Magnetic Heads assure 
magnetic drum reliability; feature 
double-reed design for fail-safe opera- 
tion, standard cylindrical heads, high 
resolution, increased pulse packing, 
track density. Series 2500 has up to 
32 tracks/in; Series 1000, to 64 
tracks/in.—Bryant Computer Prod- 
ucts Div., Ex-Cell-O Corp., Walled 
Lake, Mich. 
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ANALOG MULTIPLIER 
wy * 


New Electronic Multiplier Model 
160 features static accuracy of 0.15%, 
simplified circuit design, reduced cost. 
Standard on firms analog computers, 
they are available for expansion of 
other d-c analog systems operating 
between + 100 v, or as independent 
units; offered as individual boards, 
and in 3-, 6-, and 20-unit chassis.— 
Applied Dynamics, Inc., 2275 Platt 
Rd., Ann Arbor, Mich. 
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For More Information 
on Products Listed 
Please Circle the 
Corresponding Number on the 
Readers-Service Card 
































PRIMARY 


STANDARDS 
NOW AVAILABLE FOR 


ROUTINE 
TESTING 


Primarily designed as precision standards, 
Massa A.D.P. (Ammonium Di-Hydrogen Phos- 
phate) Crystal Accelerometers never need cali- 
bration. Their use in routine vibration 
measurements eliminates the acoustical acceler- 
ometer check prior to the actual test run. This 
means savings in calibration man-hours amounting 
to many times their purchase price. Many Massa 
Accelerometers have been doing this for as long 
as fifteen years. 








2 sedate a 

Only Massa Acceler- 
ometers use the A.D.P. 
crystal. Precise manufac- 
turing techniques make 
possible full realization 
of the uniformity, stabil- 
ity and reliability inher- 
ent in this exclusive 
material. 














Write for Technical Bulletin, VM 


a oIVviIsSiIOn OF 


£.ECTROMmCcS, inc. 
280 LINCOLN STREET 


HINGHAM, MASSACHUSETTS 
CIRCLE 146 ON READER-SERVICE CARD 
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NEW 

swe Veh Colaar- tite 
Spectrum 
Equalizer 


¢ Speeds Up Random 
Vibration Testing 


¢ Eliminates Costly 
Set-Up Time 


MB’s New Automatic Spectrum 
Equalizer provides automatic com- 
pensation of “random motion” sys- 
tem. Saves time and money in 
environmental testing of missile 
components and systems. Simply set 
desired spectrum shape on graphic 
panel in terms of power density in 
db, and turn the level control. The 
fully automatic control system as- 
sures conformity between desired 
and actual spectra. Tests can be 
rerun at a later date with assurance 
of identical spectral content. 


Other features include: 


e High accuracy; employs 80 filters, 
each 25 cps wide, covering frequency 
range 15 cps to 2000 cps. 


Wide dynamic control range 

High stability; better than.008%/°C. 
Low distortion; less than 1.5% 
Special read-out to permit rapid 
analysis 


For more information, 
send for Bulletin 129. 


MB ELECTRONICS 


A DIVISION OF TEXTRON ELECTRONICS, INC. 
1103 State Street, New Haven 11, Conn. 
CIRCLE 147 ON READER-SERVICE CARD 
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DIGITAL TELEMETERING 


New Type DL Digital Telemetering 
Equipment for simple applications 
such as telemetering of kilowatt-hours 
on electrical utility systems or posi- 
tive displacement on pipelines has 
telephone relays and stepping 
switches, is suitable for operating 
with Visicode® supervisory control 
systems. Uses binary-coded . decimal 
form by means of long and _ short 
pulses and spaces.—Westinghouse 
Electric Corp., Box 2099, Pittsburgh 
30, Pa. 
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TRANSISTOR TESTER 


New h-Parameter Testor quick tests 
the four “h” parameters of any sig- 
nal transistor to 2% accuracy, over 
wide operating ranges, in either 
grounded base or grounded emitter 
configurations. Tenco Electronics, 
Inc., 108 Cummington St., Boston 15, 
Mass. 
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POWER SUPPLY CABINET 


New Model “2C” power supply 
cabinet for capacities in the 12 to 45 
kw range, meets shock and vibration 
requirements of category “D” per 
MIL-E-4970A. It is also weather- 
proof and suitable for outdoor use.— 
Christie Electric Corp., 3410 W. 67th 
St., Los Angeles 43, Calif. 
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PANEL METERS 


hasta 


New Model 145 Pi i panel 
meter achieves a scale length of over 
4” in a meter measuring only 2%” by 
5”. Models 25 and 35 meet all pro- 
visions of MIL-M-10304B.—Rowan 
Controller Co., 30 Bridge Ave., Red 
Bank, N. J. 
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RESISTOR NETWORKS 


| Boor : 

New lug-type resistor ein fa” 
diameter, are available in lengths up 
to 6” with a maximum of 13 re- 
sistors in the network.—Reon Resistor 
Corporation, 155 Saw Mill River Rd., 
Yonkers, N. Y. 
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VARIABLE INDUCTORS 





Beit cc ica OS ea 


New encapsulated curtable r.f. in- 
ductors, with single or bifilar wind- 
ings meeting MIL-C-15305 are un- 
capsulated under vacuum to insure re- 
liable operation even after prolonged 
immersion in water.—Vanguard Elec- 
tronics Co., 3384 Motor Ave., Los 
Angeles 34, Calif. 
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FIELD INTENSITY RECEIVER 


New Model CFI 

microwave Field 

_ intensity receiver 

system is mobile, 

transistorized, cali- 

brated field inten- 

sity instrument 

covering the 1 kme 

to 10 kme range. 

d Besides the basic 

‘ = unit, it includes 

fous RF tuning units, impulse calibra- 

tor, five antennas and a tripod. The 

basic receiver features a calibrated 

meter to indicate average, peak, slide- 

back peak and quasi-peak values on 

five scales: 1,000 zv,, db above 1 uv/ 

me (lme bandwidth), db above lyv/ 

me (5 me bandwidth), 70 db relative, 

and 20 db linear.—Polarad Electron- 

ics Corp., 43-20 34th St., Long Island 
City 1, N. Y. 
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NEW NEW NEW NEW NEW NEW 
when it 


AERTS 


you know the temperature! 


NEW vi Viarkal 
THERMOMELT 


TEMPERATURE 
iT telioy waelis-) 


Put your finger on automation NEW NEW NEW 





eA complete MAG. PAC Cinte 
te ot cone syst : 
ed. Winstaled | ie 


The easy modern way to determine exact working temperatures! 


Just mark or stroke the surface with 
THERMOMELT. . when it reaches the desired 
can give you cost-cutting auto- semperptaans, the mark liquefies. There’s no guess- 
mation now for materials han- k, no wasted time or material. 

ene. Fane’ 00 seer sesso THERMOMELT is the quick, precise way to 





Find out how Flo-Tronics con- 
trol c p tsan t 
With Handy 
Adjustable 
Holder 


= magnet 





VOLTAGE REGULATOR 


New S tabiline wukensntie nliees 
regulators, Type IE5101MR, for nom- 
inal 120 v operation 60 cps, up to 1 
kva, +5%. Also available for 400 eps. 
Regulation within 0.6v for line varia- 
tions between 105 and 135, load cur- 
rent from 0 to 8.3 amp and load PF 
from 0.7 lagging to 1.0, singly or 
simultaneously.—The Superior Elec- 
tric Co., Bristol, Conn. 
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PHASE COMPARATOR 


New LPN-400 voltage and phase 
comparator using built-in CRT and 


voltmeter measures in-phase and 
quadrature voltage components, har- 
monic content and noise in AC signals 
over the range of 25 cps to 10 ke.— 
Autonetics, Division of North Ameri- 
can Aviation, Inc., 9150 E. Imperiai 
Highway, Downey, Calif. 
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for ema or phone FEderal 


FLO-TRONICS, INC. 
1330 N.E. Quincy @ Minneapolis 13, Minn. 
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within «1%. 


A Stik For Every Temperature from 


113° F. to 2000° F. 


determine heating temperatures. Accurate to 


‘ 
; ALSO AVAILABLE IN LIQUIDS 
1 AND PELLETS for inaccessible 
1 or hard-to-measure applications. 


SEND TODAY for free THERMOMELT 1: Wide range of temperatures. 
literature and pellet sample (indicate ; Made by the Manufacturers of Markal Paintstik 


temperature desired). 


Markers and Protective Coatings. 


MA R KAL C0 @ 3080 West Carroll Avenue « Chicago 12, Illinois 
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UNDERSEA CAMERA wn 


New compact 
plastic underwater 
housing is now 
available for the 
ROBOT STAR II 
Automatic 35mm 
camera, providing 
for pictures at 
depths of down to 
100 ft below sea 
level. Up to 50 ex- 
posures without re- 
winding are possi- 
ble.—Karl Heitz, Inc., 480 nets 
Ave., New York 17, N. ¥: 
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SMALL PM MOTOR 


New Model HYLM permanent mag- 
net DC motor is the smallest Mil- 
Spee Barber-Colman sub-fractional 
horsepower motor. Only 1” dia, the 
motor features precision ball bear- 
ings, constant pressure brush springs 
and explosion proof housing.—Barber- 
Colman, Dept. 2411, Motors and Com- 
ponents Div., Rockford, Ill. 

CIRCLE 400 ON READER-SERVICE CARD 
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MAGNETIC AMPLIFIER 
© New Preac Ampli- 
fier, Type M-5851-C 
provides a 5 v de po- 
larity-reversible out- 
put with low level 
inputs such as ob- 
tained from thermo- 
couples, strain gages 
and photocells. In- 
put winding resist- 
ance is temperature 
stabilized for opera- 
iti ~ tion from —40° to 
85°C. Requires only 2 watts power 
from 115v 400cps supply.—Airpax 
Electronics Incorporated, Seminole 
Div., Fort Lauderdale, Fla. 
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MOTORIZED MIXING VALVE 

New 21300 
Series Mixing 
Valves control 
flow from hot and 
cold inlet ports 
through cylinder 
segment which ro- 
tates on bearings. 
Ball bearing sus- 
pension allows use 
of high response 
servo motor with 
electrical leads brought out through 
glass header.—Aerodyne Controls 
Corp., 90 Gazza Blvd., Farmingdale, 
) Fe AS SS 
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SIMPLATROL 
ELECTRIC 
BRAKES 

é& CLUTCHES 


Complete Range - 10 OZ. IN. to 470 LB. FT. 


Call us for off-the-shelf delivery — Geared & Non-Geared 
Electric Motors — Heller Solid State & Thyraton Controllers 
— Selenium & Silicon Rectifiers — Simplatrol Electric 
Brakes & Clutches. Send we specifc inquiries — write 
for our latest catalog. B & B MOTOR A oy TROL CORP., 
206 Lafayette Street, New York 12, Y. WOrth 6-5777 





® A CONTROL SYSTEM 
with ORIGINALITY 


4 and RELIABILITY 


“A major breakthrough in temperature control” 


SATURABLE POWER REACTOR CONTROL 
wEcMAnreAL CONVECTION OVENS 


*Range- Loch -L2O0 CT OLLAUC CO 
COMPLETELY STEPLESS REGULA' 


CAR 
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COMPETITIVELY PRICED 


with ovens utilizing standard 
ON-OFF cycling type control systems. 


BLUE M 22222 Company 


138th and Chatham Sts., Blue Island, Illinois 
BRANCH: Blue M Engineering Co., 2312 So. Main Street, 


Bulletin 1960 
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Los Angeles 7, California 
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DEPTH RECORDER 





New Model 418 Survey Depth Re- 
corder using the standard 19” Alden 
recording head gives resolution at 
400 fathoms of better than +1 fathom. 
—Alden Electronic & Impulse Record- 
ing Equip. Co., Westboro, Mass. 
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wee WATTMETERS AND LOAD 


New Medel 6254 

™ Termaline RF 

Wattmeter and 

* Load designed to 

measure power out- 

put and to termi- 

nate low power 50- 

ohm systems, pro- 

vides direct power 

readings over the 

range of 30 to 500 

mc with less than 

1.15 VSWR. Any 

. one of six standard 

ranges ‘tie 25 to 100 mw may be 

specified.—Bird Electronic Corpora- 

tion, 30303 Aurora Rd., Cleveland 39 
(Solon), Ohio. 
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Some CLEANING SYSTEM 


New Model SEC-1420 Sonic Energy 
Cleaning System uses 1500 watts to 
transducers, matching rinse and dryer 
cabinets.—Pioneer Central Div., The 
Bendix Corporation, Davenport, Iowa. 
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RATIO TRANSFORMER 


New Model RT-60, general purpose 
ratio transformer is a precision in- 
ductive ac voltage divider featuring 
high input impedance; operating 
range is 50 cps to 10ke.—Gertsch 
Products, Inc., 3211 So. La Cienega 
Blvd., Los Angeles 16, Calif. 
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DATA CONVERTER fh enn 


New BIPCO® micro-electronic 
modules convert binary coded decimal 
information to decimal form. Operate 
with Burroughs TRIXIE® modules to 
drive NIXIE® indicator tubes directly 
from low-level binary coded inputs.— 
Burroughs Corporation, Electronic 
Components Div., P. O. Box 1226, 
Plainfield, N. J. 
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GAIN/NOISE METER 


New Model 626-A Gain Set, de- 
signed to measure gain, loss, noise 
figure and other microwave charac- 
teristics incorporates crystal mixer 
20-step attenuator, IF amplifier and 
detector, AGC amplifier and output 
meter.—Kay Electric Co., Maple Ave., 
Pine Brook, N. J. 
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READERS & 
ADVERTISERS 


have a lot to look 
forward to in future 
issues of 


INSTRUMENTS and 
CONTROL SYSTEMS 


Each issue will highlight one of the 
instrument-control topics below— 


Temperature Measurement 
and Control 


Telemetering 
Recording 


System and Dato 
Instrumentation 


Process Instrumentation 


Analytical Instrumentation 
and Stream Control 


Current and Voltage 
Control 


Electrical Measurement 
Pressure Instrumentation 
Programming & Timing 


Flow Measurement 
and Control 


Strain, Force, Tension 
and Weight 


ADVERTISERS will share in the re- 
sultant reader enthusiasm. 


FOR AD SPACE DETAILS—call 
your nearest ICS rep—see ad- 
dresses on page |764. 








TELEPHONE PICKUP 
ee 


Pract" pee see 

New Hum-Bucking Telephone Pick- 
up Coil designed for use with high 
impedance input recorders and dic- 
tating machines when transcribing 
telephone conversations cancels stray 
hum pickup.—Microtran Company, 
Inc., 145 East Mineola Ave., Valley 
Stream, N. Y. 
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PLUG-IN POLY-DIODE 


ish, Te Sed 


New Poly-Viode consisting of up to 
five separate. diode junctions, each 
with an individual lead, formed on a 
single silicon slice in a computer gate 
configuration.—Delta Semiconductors, 
835 Production Place, Newport Beach, 
Calif. 
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FM SIGNAL GENERATOR 


i te 


New Model 1001 Signal Generator 
is continuously tunable through the 
100-550 me range with drift of less 
than .015% per hr. FM deviation is 
controllable in two ranges, 0-35 kc 
and 0-350 ke, and output voltage is 
0.25 nv to 100,000 uv into 50 ohms.— 
R S Electronics Corporation, P. O. 
Box 11365, Station A, Palo Alto, Calif. 
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Tee Oe 


Models in the new film series have 
the same physical dimensions as 
present Atohm wirewound potentiom- 
eters, Model 110, 120, 210, 220, and 
320.—Atohm Electronics, 7648 San 
Fernando Road, Sun Valley, Calif. 
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Aeveorreree 


SEMICONDUCTORIZED 


POWER SUPPLY 


0-50 V.D.C. ¢ 0-1.5 AMP 


High stability solid state 
DC power supply with ad- 
sasmeer oh justable current limiting, 
Planar Diffused 05% regulation, 500 uv 
Junction : P 
Input Stage _ Tipple, .01 Q source imped- 
ance, 50 us response time, 
01 volts drift/24 hours, 
55-440~ input. 
IMMEDIATE DELIVERY 


Write For Complete Catalog 


* Silicon. 
Small-Signal 


$234°° 


F.0.B. FACTORY 


1700 SHAMES DRIVE 
WESTBURY, L. I., N. Y. 
EDgewood 3-6200 Area Code 516 
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DIGITAL 
READOUT 


Series 120000 


Features: 

> Lightweight -— 
weighs 3% ozs. — 

> Quick disconnect 
at rear for easy 
lamp replacement. 


PRICE COMPLETE 


$35 


Quantity Prices On Request 7 
WRITE TODAY FOR ba 
COMPLETE SPECIFICATIONS © 
Representatives 
in principal cities 
INDUSTRIAL ELECTRONIC E 


5528 VINELAND AVENUE 
NORTH HOLLYWOOD, CALIF. 
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Use it for ALL FLUIDS! 


Dynametrics U-Tube and Single Tube 
precision-built Manometers feature uni- 
versal compatability with every manom- 
eter fluid. No need to change wetted 
parts when fluids are changed. 


| Buy ONE Manometer 
| 


()>2-6100 99 amp 


ROTARY SNAP SWITCH type a 


Positive snap action. 
Up to eight poles. 
Shorting or non-shorting. 
Unlimited or 
limited rotation. 
Three mounting 
styles. 
Tested 
to your 
specifications 


Wetted parts of Pyrex, stainless steel, 
and non-deteriorating seals will not 


corrode in presence of water, mercury, 
TBE, hydrocarbons. 


8 U-Tube models, scale heights +3” to 
+35” 


13 Single Tube models, scale heights 
6” to 100” 


Write for 
catalog. 








Large multitube and photopanel units also 
available for maximum utility in minimum 
space. 


Style | mounting Style Il mounting 
Type P T P 


Write for Dynametrics “Pressure 


yp ype 
oS Gmgere. quien 200 ampere switch Measuring Instruments” Catalog 


ESCO oo: WEYMOUTH 


ELECTRO SWITCH CORP 


Weym< 


CIRCLE 155 ON READIR-SERVICE CARD 


uth (Boston 88), Mas 


sachusett 


| DYNAMETRICS 


CORPORATION 


bs Northwest Industrial Park, Dept. 15, Burlington, Mass. 
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MODULAR INSTRUMENTS 


# 


New Modular designs in 22 differ- 
ent instruments used as bench or rack 
models can be quickly incorporated 
into space-saving systems for micro- 
wave frequency and precise time meas- 
urements.—Hewlett-Packard Compa- 
ny, 1501 Page Mill Rd., Pale Alto, 
Calif. 
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_ PRIMARY AC SHUNTS 


New coaxial, 4-terminal resistor 
current shunt set designed for a 
minimum of self-inductance has an ac- 
curacy of ac-dce difference for fre- 
quencies above 5 cps and below 50 ke 
to .02%. UHF type connectors pro- 
vide easy connection.—Holt Instru- 
ment Laboratories, P.O. Box 230, 
Oconto, Wis. 
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New Hartmann & Braun SCHER- 
ING BRIDGE Model MES 8 for ac- 
curate measurement of the dielectric 
loss factor tan delta and the capaci- 
tance of ungrounded or grounded test 
objects at high and low voltage, and 
for the determination of the lielectric 
constant of solid and liquid insulating 
materials. 


5 oe 


Measuring range for capacitance is 
from 8 pf to 35 uf and for tan delta 
from 2 x 10~* to 5.0. Shown in Booth 
8305-07.—Sole U. S. Distributor, 
E PIC, Ine., 150 Nassau St., New 
York 38, N. Y. 
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_TAPE SYSTEM 


New PHD-1200 
High Density 
Magnetic Digital 
Tape System 
reads and writes 
tapes at packing 
densities of 1,200 
bits/inch with 
transient error 

} rates less than 1 
bit in 10° and 
permanent error 
rates less than 1 
bit in 10°°.—Pot- 
ter Instrument 
Company, Inc., 
Sunnyside Blvd., 
Plainview, N. Y. 
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DIGITAL COUNTERS 


New line of high speed, low torque, 
direct drive counters give plus and 
minus, right and left, or directional 
digital readings.—Veeder-Root Inc., 
70 Saraecant St... Wartfard 2, Conn, 
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NOW... 


A SIX SPEED 
INSTRUMENT 
GEAR MOTOR 


ALLOWS 
DIAL SPEED 
SELECTION 
WHILE 
RUNNING. 


Here is a new, versatile instrument gear motor with 
six output speeds, any of which can be quickly and 
easily changed by operator while motor is running. It 
is furnished with positive, exactly repeatable ratios of 
1:1, 2:1, 5:1, 10:1, 20:1 and 50:1. A variety of basic 
synchronous motor speeds is available. The unit is 
built to standard NEMA Size 25 Frame. 

This dependable, compact gear motor can be used 
as a new instrument component for prototype testing 
or in breadboards where its adjustable speed feature 
will give better, faster results. 


WEIGH 


ELECTRONICALLY 


SAL “y yd v4 i { NG 


CRANE SCAL 


Designed for fast 
—easy Installation 
Visual or 
Printed Weights 


Recorder may be mounted in crane cab or 
in other convenient locations. Prints tape 
or cards. Available at low costs in 5, 10 
and 15 capacities. Rugged construction de- 
creases maintenance. 


Write for 
Brochure B-18 


CHART DRIVES ¢ SPEED REDUCTORS ¢ INSTRUMENT DRIVE SYSTEMS 


INSCO COMPANY 


DIVISION OF BARRY WRIGHT CORP. 
GROTON, MASSACHUSETTS 


STREETER-AMET COMPANY 


GRAYSLAKE, ILLINOIS 
U.S.A. 
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TANTALUM CAPACITOR 





gate unit.—Engineered Electronics 
Co., 1441 E. Chestnut Ave., Santa 
Ana, Calif. 
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DIGITAL CLOCKS | 


DIRECT VIEW DISPLAY 


New Model 2000 Series Digital f we Oe 
Clocks with 8-4-2-1 binary-coded-deci- : 

mal outputs parallel with decimal out- 
puts are combined in the same clock 
with a separately wired common for 
each decimal digit position to permit 
easy conversion to serial form, and al- 
so actuate visual displays, tape print- 

New HV Type axial lead-type tan- ers, and pens "waleas. onde 


talum foil capacitors have single-unit 
ratings to 300 wvdc, over the tem- 
perature range —55° to +85°C, and 
to 250 wvde from —55° to +125°C. 
—Tansitor Electronics, Inc., West 
Road, Bennington, Vt. 
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ACCELEROMETERS 
SINGLE AXIS 


New single axis accelerometers 
which employ fluid damping and tor- 
sion-bar spring restraint are designed 
for low-cost inertial systems where 
the output is integrated to provide 
velocity and distance information. 
Complete performance characteristics 
on request.—Kearfott Div., General 
Precision. Inc., 1150 McBride Ave., 
Little Falls, N. J. 
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conversion.—Chrono-Log Corporation, 
Box 4587, Philadelphia 31, Pa. 
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DIGITAL NOR MODULES 


a eee eee been wt 

New U-Series Universal NOR Digi- 
tal Circuit Modules operate over the 
frequency range of 0 to 25 kes, meet- 
ing the requirements of MIL-STD- 
202B. First Four units are: 1) Dual 
8-input NOR; 2) power driver; 3) 
converter unit to convert dual NOR 
unit into flip-flop, one-shot or free- 


running multivibrator; and 4) a pulse 


October 1961- 


Advanced direct-view display S-C 
1090 console, for monitoring digital 
computers, will be used in command 
decision making utilizing man-ma- 
chine information systems where it is 
necessary to continuously monitor a 
large store of changing information. 
Similarly, the console can be used for 
other systems such as air traffic con- 
trol, information retrieval and auto- 
matic process control. The Charactron 
shaped beam tube permits rapid 
changes of displays, even beyond the 
limit of human perception.—General 
Dynamics/Electronics, Information 
Technology Div., 1895 Hancock St., 
San Diego 12, Calif. 
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VARIAN 
Potentiometer 
RECORDERS 


The logical “first choice” 


because... 


TOTAL DESIGN IS 


FUNCTIONAL 


Carry it anywhere — put two 
side-by-side in arack. Its shape 
is ideal for both. And its per- 
formance is multi-purpose too: 
wide choice of ranges, acces- 
sories, options and plug-ins. 
Chances are it has the capabil- 
ity to record for you in a variety 
of assignments. 


The Varian G-11A is 10” high, 84” 
wide, 7%” deep; 15 Ibs.; 1% accuracy; 
ranges from 10 mv to 100 v d.c. full 
scale; wide choice of charts and chart 
speeds for millivolt, milliamp and 
direct temperature recording from 
thermocouples. Write for full specifi- 
cations to Instrument Division. 


VARIAN 


associates 
PALO ALTO 27, CALIFORNIA 





oT 


New Miniature High-Low Tempera- 
ture Chamber, Model C-106, cooled by 
liquid CO., provides faster heating 
and cooling rates, closer temperature 
control and distribution, and increased 
operating economy. Test volume is 
640 cu-in. Temperature range is from 
—100° to 500°F with a control ac- 
curacy of +0.5°F.—Wyle Labora- 
tories, Inc., El Segundo, Calif. 
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DIRECT WRITING RECORDER 


New Tracemaster single-channel di- 
rect writing recorders are self-con- 
tained in attache-size case with separ- 
able top cover and weigh just 20 lbs. 
Three-channel models can be operated 
in vertical, horizontal or tilted posi- 
tions and feature interchangeable 
plug-in type amplifiers. Both models 
accommodate 200 ft of chart, push- 
button controlled, to speeds of 1, 5, 
20, 100mm/sec and employ direct-car- 
bon transfer writing method. Fre- 
quency response de to 100 cps at 
25mm peak-to-peak amplitude, —3db 
at 125 eps., +5%.—American Optical, 
Instrument Div., Buffalo 15, N. Y. 
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MINI SYNCHRO BRIDGE 


Laboratory standard bridges for 
checking synchros (MSB 5) or re- 
solvers (MRB 5) to 20 ppm accuracy 
are available in miniaturized models. 
Both instruments provide measure- 
ments in 5° steps from 0-360°. Ab- 
solute accuracy from 0-800 cps is 
.002%. Frequency range extends to 
10 ke at reduced accuracy.—Julie Re- 
search Laboratories, Inc., 603 West 
130th St., New York 27, N. Y. 
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AIRBORNE-PARTICLE SIZE 
ANALYZER 


New Model PC- 

| 200A Particle 

' Counter displays 

| the number of par- 

ticles present in 15 

sub-ranges of sizes 

| from 0.32 uw to 8.0 

uw diameter. Counts 

appear visually on 

decade counters, 

, but can be recorded 

on digital tape or a strip-chart re- 

corder, or both. At the normal air 

flowrate of 100 cc/min the count rate 

without excessive coincidence loss is 

7340 particles. If no particles are 

present, the instrument will not re- 

spond.—Royco Instruments Ine., 440 
Olive St., Palo Alto, Calif. 
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POWER SUPPLY 


New Model QCR 36-30 transistor- 
ized power supply features a contin- 
uously adjustable output of zero to 
36 vde. Precise regulation of +0.01% 
+ 1 mv and reduced ripple of 0.5 
nillivolts RMS maximum, results 
from a new circuit concept.—William 
Buck, Sorensen Products, Richards 
Ave., S. Norwalk, Conn. 
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WAFER RESISTORS 


New line of micro-miniature re- 
sistors on the standard RCA wafer, 
for micro-module developments, are 
made to customer specifications. Di- 
mensions of wafer are .31” x .31” x 
.010” with 12 interconnecting notches. 
Electrical specifications are: Resist- 
ance range from 100 ohms to 100 K 
ohms, tolerance +1%, temperature 
coefficient of 100 PPM/°C and a 
maximum dissipation % watt per 
wafer. As many as four resistive ele- 
ments can be placed on a single wafer. 
Sample units available—Dale Elec- 
trenics, Inc., Columbus, Neb. 
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MEASURES 
1/100TH OF A 


MILLIVOLT 


tayi 


Pen speed 1/2 sec. 


full scale 


MODEL JY-120 


Here is fast, accurate potentiometric 
recording at a low price—only $535.00. 
Both accuracy and sensitivity are %% 
of span. Maximum signal source resist- 
ance, 50K ohms. 

Step selection of ranges—from 1MV to 
10V, provided by attenuator on front 
panel. 

Minimum zero drift--due to a null-bal- 
ance, servo-type, potentiometric, chop- 
per-stabilized system. 

2 other ranges available: 

10 MV fixed span, Model J Y-100 . $320.00 
10 MV to 100 V, Model JY-110. .$392.50 
Write for JY Bulletins 


NESCD 


NESCO INSTRUMENTS, INC. 


Manufacturers of Precision 
Recording Instruments 
638 West 17th Street » Costa Mesa, California 
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TRANSISTOR TEST COUNTER 


New Transistor Fault Counter Mod- 
el C-10 displays the total number of 
transistors tested on the indicator 
labeled “STARTS”. Indicators 1-10 
display the number of transistors 
which do not pass tests 1-10, which 
may be standard transistor measure- 
ments, such as ICBO, IEBO, VBE, 
VCE Sat., HFE, alpha, beta, ete.— 
Optimized Devices, Inc., 864 Franklin 
Ave., Thornwood, N.Y. 
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i TRANSDUCERS 


tS Seas ais Bs 


New Load Cells designed to meas- 
ure both tension and compression in 
seven models with full load ratings 
from 1000, to 100,000 pounds are 
standard. Temperature compensation 
provides high stability in rapid 
changes in temperature, even where 
there is a steep temperature gradient 
across the transducer. The units can 
be used without damage from —300°F 
to 750°F.—Microdot Inc., 200 Pasa- 
dena Ave., South Pasadena, Calif. 
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HIGH PERMEABILITY 
MAGNETWIRE 


New Netic, Co-Netic AA and Co- 
Netic B alloy wires with high perme- 
ability offer a lower reluctance path 
to the magnetic flux concentrating the 
field in transformer and other in- 
ductance applications. For a given 
coil or transformer, the number of 
turns and wire diameter can be re- 
duced and still result in an equivalent 
resistance and inductance.—Magnetic 
Shield Div., Perfection Mica Co., 1322 
No. Elston Ave., Chicago 22, Ill. 
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VARIAN 
Potentiometer 
RECORDERS 


Offer exceptional 


versatility because... 


THERE ARE ACCESSORIES FOR 


ALARM/CONTROL 


Alarm and control switches, and 
retransmitting slide wires, add 
a valuable dimension of simple 
control to the already-versatile 
two-channel G-22. With these 
optional accessories they can 
work unattended to control two 
variables within the 1% accuracy 
of the recorder, while making a 
permanent record of what has 
happened. 


1% accuracy, spans from 10 mv to 
500 v, 1 second full-scale balance 
time, two chart speeds standard, four 
optional (3g”/hr. to 16”/min.), full 
scale zero adjust, event markers and 
other options. Portable and rack- 
mounted models available from 
$1,075. Write Instrument Division: 


VARIAN 
associates 


PALO ALTO 27, CALIFORNIA 
CIRCLE 158 ON READER-SERVICE CARD 
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CUT DATA COSTS 


A Rugged, Lightweight, Direct 
Writing Oscillograph, employ- 
ing a LOW COST Tungsten 


light source. 


4 to 6 channels. 

Weight — 15 pounds. 

4 selectable speeds. 

Optional grid lines. 

2,000 cps frequency response. 
Sensitivities from .4 mv/inch. 


110 volts — 60 cycles. 


Our APPLICATIONS ENGINEERS 
invite your inquiry 


+ 


From The Home of Plann ed Pioneering 


century 
ELECTRONICS & INSTRUMENTS, INC. 


TWX-TU 1407 Phone LUther 47111 
1333 N. Utica Ave., Tulsa 10, Oklahoma 


Serviced by, Systems Engineering Offices of 
Alirsupply - Aero Engineering Company 
in USA 


Vibro-Meter Corporation, Fribourg, Switzerland 
in Free Evrope 
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WIRE MARKERS 


New E-Z-Code Self-Laminating 
Wire Markers protect markings from 
all conventional greases, chemicals, 
etc. When coded marker is applied 
to wire the remaining protective clear 
portion wraps around itself, causing 
it to laminate permanently over the 
coded area thus protecting itself. Bro- 
chure, samples on request.—Westline 
Products Div. Western Lithograph 
Co., 688 East 2nd St., Los Angeles 
54, Calif. 
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FREQUENCY COMPARATOR 

a ae - New all- 
solid-state 
Frequency 
Comparator, 
Type 35-2001, 
accepts any in- 
put frequency 
from 1 eps to 
50 ke, com- 
pares it with 
precision re- 
ference oscil- 
lator. Differ- 
ence in fre- 
quency results 
in output signal proportional to error 
to actuate control device.—Daystrom- 


& 


| Wiancko Eng. Co., 255 North Hal- 
| stead Ave., Pasadena, Calif. 
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DC AMPLIFIER 


& : at bs ee : 

New Coldstream model 1T300 de 
amplifier utilizes a second harmonic 
modulator operating at an excitation 
frequency of 2000 cps amplified by a 
two-stage ac amplifier whose output 
feeds a phase-sensitive demodulator. 


| This bi-directional output is fed in 


turn to a balanced push-pull cathode 
follower. A portion of the output is 
fed back to the modulator for gain 
and temperature stabilization. Gain 
steps of 10, 100, 1000 and 3500 are 
standards.—Coldstream Engineering 
Co., Box 1898, Tulsa, Okla. 
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REMOTE ANGLE INDICATOR 


New three-channel, transistorized 
remote angle indicator for remote 
readout of inertial platform orienta- 
tion is completely housed in a 3%” 
x 19” x 14” panel. 

Each channel’s CX-type remote 
angle sensor feeds into a CT resolver 
connected to a counter through a 
360:1 anti-backlash gear train. Each 
position indicator displays the posi- 
tion of the inertial platform in de- 
grees and minutes.—American Elec- 
tronics, Inc., Instrument Div., 9503 
West Jefferson Blvd., Culver City, 
Calif. 
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DIGITAL MULTIMETER 





New digital multimeter combines a 
Voldicon V16-AD basie voltage to 
digital converter with a multi-pur- 
pose signal conditioner and program- 
ming accessory modules to measure 
absolute ac or de values or voltage 
ratios between de and de, ac and ac 
or ac and de in any combination. 
Operating modes and ranges may be 
selected by manual switch or by re- 
mote signal programming. Unlimited 
applications in automatic checkout 
systems.—Adage Incorporated, 292 
Main St., Cambridge 42, Mass. 
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ROTARY STEPPING SWITCH 


Baio. y a 

New Stepping Switch providing 240 
individual connections for access to 
control, selection, sequencing or puls- 
ing circuits is available completely 
wired to plug-in connectors.—North 
Electric Co., Electronics Div., Galion, 
Ohio. 
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KENDALL/GOVERNAIRE 


SEND FOR 
CATALOG 
ON 


PRECISION 
AIR 
REGULATORS 


Large balanced supply and relief valves pro- 
vide rapid response with precise control plus 
maximum flow for minimum size. 


Kendall is a direct acting, spring actu- 
ated, bleed type valve. Governaire is 
pilot assisted. Both lines have a unique 
boost action with increased flow rate 
that offsets downstream pressure losses. 
Both are immune to supply pressure 
variations and suited to either high-flow 
or dead-end applications. With the 
Kendall/Governaire lines, Stratos offers 
the largest selection of standard and spe- 
cial precision pressure regulators, relays 
and volume boosters in the industry. 

For your copy of the Stratos Engi- 
neering Manual and Data Sheets 
illustrated above, write 


STRATOS 


A DIVISION OF 
FAIRCHILD ENGINE & AIRPLANE CORPORATION 


Bay Shore, L. |., N.Y. 
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MINI DG RELAY 


New Advance MK Series Miniature 
DC Relay has specs including contact 
arrangement—SPDT and DPDT; 
contact rating—1 amp res, 0.6 amp 
ind @ 26.5 vde or 115 vac; pull-in 
power (nominal)—-SPDT: 0.75 w, 
DPDT: 1 w, ete.—Elgin National 
Watch Co., Electronics Div., 2435 N. 
Naomi St., Burbank, Calif. 
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LATCH-IN FAULT INDICATOR 


j 

New %” sealed miniature magnetic 
latch-in Fault Indicator in wide cur- 
rent and voltage ranges provides 
flexibility in meeting circuit requitre- 
ments. Dise-type flag, colored or im- 
printed to designate function moni- 
tored, rotates behind sector window. 
Device maintains positive indication 
even when unenergized under vibra- 
tion from 10 to 500 cycles at 10 G.— 
Minneapolis-Honeywell, Precision 
Meter Div., Grenier Field, Manchester, 
N. H. 
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PRECISION LATHE 


New Reliance Electronic Motor 
Drive used on Model 750 Lathe fur- 
nishes speeds from 300 to 3500 rpm 
using 1:1 pulley ratio, or from 600 to 
7000 rpm using 2:1 pulley jump.— 
F. W. Derbyshire, Inc., 265 Bear Hill 
Rd., Waltham 54, Mass. 
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TRACE 
HYDROCARBON 
DETECTOR 


Model 6500 


@® The Davis Trace Hydro- 
carbon Detector accurately 
and continuously detects and 
measures such organic com- 
pounds as hydrocarbons, alde- 
hydes, ketones, alcohols, and 
amines. Based on a newly-de- 
veloped flame ionization tech- 
nique, this new detection unit 
features cubicle construction 
with indication and adjusta- 
ble alarm functions. Record- 
ing is optional. 


@ A reliable, non-poisoning 
detecting method for most 
troublesome organic gases or 
solvents, the Davis Trace Hy- 
drocarbon Detector incorpo- 
rates a unique desensitizing 
arrangement that permits 
handling of higher concentra- 
tions (% by volume). 


A portable version, Model 
650 is also offered. This com- 
pact unit is ideal for labora- 
tory or field analysis. 


INSTRUMENT 


OIiVIiston 


DAVIS INSTRUMENTS 


DIVISION OF 
DAVIS EMERGENCY EQUIPMENT CO., INC. 


80 Halleck Street 
Newark 4, New Jersey 
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Stromberg- 
Carlson” 


RELAYS 


Telephone-type 
quality « reliability 
durability 


“A” spring combinations. 

TYPE B: gang-type. Up to 60 Form “‘A” 
spring combinations. 

TYPE BB: 
TYPE C: two on one frame. Ideal where 
space is tight. 

TYPE E: characteristics of Type A, plus 
universai mounting. Interchangeable with 
other makes. 


up to 100 Form “A” springs. 


Types A, B, and E are available in high- 
voltage models. Our assembly know-how is 
available to guide you in your specific ap- 
plication. If you desire, we can also provide 
wired mounting assemblies. 

Details on request from these Stromberg- 
Carison offices: Atlanta—750 Ponce de 
Leon Place N.E.; Chicago—564 W. Adams 
Street; Kansas City (Mo.)—2017 Grand Ave- 
nue; Rochester—1040 University Avenue; 
San Francisco—1805 Rollins Road. 


GENERAL DYNAMICS 


TELECOMMUNICATION 
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AUTOMATIC VTVM 


New DYNAMATIC 375-VTVM au- 
tomatic vacuum-tube voltmeter pro- 
vides an individual wide-view direct 
reading scale for each of four ranges. 
Only one scale is visible at any one 
time. Once you set the range switch 
properly, it is impossible to read the 
wrong scale. Complete specification in 
catalog sheet AP18 on request.— 
B & K Manufacturing Co., 1801 W. 
Belle Plaine Ave., Chicago 18, IIl. 
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FREQUENCY STANDARD 


a 


New JKTO-42 low-drive-level, cur- 
rent limiting osciillator designed for 
laboratory or plant environment for 
frequencies up to 5 me, also new 
crystals, crystal ovens will be dis- 
played at Wescon.—James Knights 
Co., Sandwich, Ill. 
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TRANSISTORIZED 
INSTRUMENTS 


New 1800 Series instruments use 
solid-state sub-modules including 
operational amplifiers to provide a 
variety of gain ranges, gain steps, 
frequency responses and outputs.— 
Burr-Brown Research Corp., Box 
6444, Tucson, Ariz. 
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Stability... 
Sensitivity... 
ONE MICROVOLT 





the Zhermo Electronic 
High-Gain Relay Amplifier 


gives you extreme sensitivity—stability— 
accuracy—detects even the slightest dif- 
ference between reference and measuring 
points in process controls, monitor sys- 
tems, and for go-no go quality control. 


In operation the Thermo Electronic Relay 
Amplifier recognizes the polarity of one 
microvolt dc signal—converts to ac—and 
amplifies to actuate a master relay in ac- 
cordance with the input signal polarity. 
It will tolerate line voltage fluctuation from 
90 to 130 volts and external input resist- 
ance to 10,000 ohms. 


To protect your valuable equipment or 
process output, the new T.E. Relay 
Amplifier incorporates a built-in fail-safe 
circuit to shut down operation in case of 
power failure, component or transducer 
breakdown. All parts are standard, easily 
replaced, without effect on operating char- 
acteristics. Negative feedback reduces in- 
ternal noise to negligible level. 


Just 6% lbs. weight—44” x 334” x 6”, 
compact—to fit in almost anywhere. 


Write today for Bulletin 90-12 


Thermo 
Electric CO..INC 


SADDLE BROOK, NEW JERSEY 


to Canada: THERMO ELECTRIC (Canada) LTD., Brampton, Oat. 
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T-D POWER SOURCE 


New Model TD6M Tunnel Diode 
Power Source provides highly stable 
voltage and current biases in the 0- 
6Vde and millivolt region. Current 
rating is 0-100 ma. Regulation cor- 
responds to 0.05% vac, 60-400 cps and 
0-100% load change.—Electronic Re- 
search Associates, Inc., 67 Factory 
Pl., Cedar Grove, N. J. 


CIRCLE 444 ON READER-SERVICE CARD 


TRANSDUCER SIGNAL 
CONDITIONER 


Ro 


ieee 


New PS-290 Power Supply and the 
PB-290 Power and Balance unit in- 
corporate plug-in card circuits for up 
to eight transducer channels. Bridge 
completion, balancing, and calibration 
resistors are easily accessible from 
the front. Output ripple is less than 
500 uv peak-to-peak or 200 uv RMS; 
and line regulation is less than 0.02%. 
Isolation is less than 0.01 vamp at 
60 cps, and output impedance is less 
than 0.05 ohm.—Microdot Inc., 220 
Pasadena Ave., South Pasadena, Calif. 
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New Three-way Two-position direct 
actuated poppet type Aircraft Qual- 
ity Solenoid Valve for use in rocket 
systems has been qualified for use 
with air, helium, hydraulic oil, hy- 
drogen peroxide, fuel, anhydrous am- 
monia, UMDH, IRFNA, etc., depend- 
ing on elastometers used in O-rings. 
—Solenoid operates at 17-30 v dce.— 
Captive Seal Corporation, 121 Clinton 
Rd., Caldwell, N. J. 
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BALANCING COMPUTER 


Lm eo i. ri 

New computer accepts data as to 
frequency, amplitude and phase of vi- 
bration unbalance and by a simple 
manipulation of dials determines 
needed location and amount of weight 
to be added or removed. Eliminates 
calculations, vector solutions and 80% 
of balancing time.—IJnternational Re- 
search & Development Corp., Worth- 
ington, Ohio. 
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SWEEP GENERATOR 


New plug-in sweep generator for 
alignment of IF stages and wide-band 
amplifiers attaches to most laboratory 
oscilloscopes without power cables or 
batteries. Features no mechanical 
moving parts, independent center fre- 
quency and sweep width controls, var- 
iable sweep rates and 10‘ short term 
stability.—Teltronics, Inc., 277 Main 
St., Nashua, N. H. 


CIRCLE 448 ON READER-SERVICE CARD 


MICRO RELAY 


New Series MM-22 Sealed Miucro- 
miniature DPDT Relay fabricated 
under “Clean Room” conditions is ex- 
pected to have a life of ten million 
operations in dry circuit applications. 
Minimum contact life is 100,000 op- 
erations at 3 amps. Max operate and 
release times are 5 msec each. The re- 
lay functions over a temperature 
range of —65° to 125°C and under 
severe vibration and shock.—Auto- 
matic Electric Co., Northlake, Ill. 
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AMERICAN 
NEEDLE 
VALVES 


Handle the toughest meter 
manifold jobs and corrosive field 
services. Eliminate gland leaks. 


Teflon-packed forged steel 
American Needle Valves stand 
up under all conditions. Stain- 
less or carbon steel precision- 
machined valve bodies are 
ideally suited for welding. 
Stainless steel centerless- 
ground valve stem simplifies 
valve repacking under pressure. 


Standard valves design-rated 
for pressures to 5,000 psi at 
70°F. Hydrostatically tested to 
10,000 psi (twice rated work- 
ing pressure) and individually 
inspected on request. Fur- 
nished with graphite-impreg- 
nated asbestos packing for tem- 
peratures above 450°F. Angle 
or straight patterns — screwed 
or union bonnets. 


Write for Bulletin 420. 


AMERICAN 
METER fore. © Le. ee i | 
Sales Offices in Principal Cities 
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data recorders 
expensive ? 


not any more 


now, Mnemotron gives 
you a complete, easy- 
to-use 4-channel analog 
tape record/reproduce 
system with 0.2% precision 


for only *3,495 


Complete with 10'2” reel tape 
transport, rack mounted 
Mnemotron offers a unique pulsed 
FM principle and fully transistor- 
ized, self-contained unit that records 
all analog * data * data acquisition 
* storage, analysis and reduction ° 
time scale contraction and expansion 
* programming * computer read IN 
and read OUT ¢ dynamic simulation. 
With Mnemotron, you can do more 
with paper recorders . . . expanding 
frequency response and channel ca- 
saving you from being de- 
permitting you to 
data at different 


pacity, 
luged with data, 
look at the same 
time scales. 
Model M204 features: 
Any 2 adjacent speeds: 3%, 7'/2, 15 ips. 
Added low speed available on special 
order. 
Frequency Response: 
@ DC—800 cps @ |5 ips 
@ DC—400 cps @ 7/2 ips 
e@ DC— 200 cps @ 3% ips 
Linearity: 0.2% full scale. 
Noise: Less than —50 db full scale. 
Crosstalk: Below 10 db. 
Extended range systems also available. 
complete details. 
Write, wire, phone today for 


MNEM | om TRON: 


ys SRE N ATCO 4 
37 S. Main St., Pearl aerate N. Y. 
@ PEarl River ‘5-4015 (914) 
@ Cables: Mnemotron 
precision analog data tane 
biological computers 


CIRCLE 166 ON READER-SERVICE CARD 
Instruments & Control Systems— 


Steet. 


recorders and 


Page 1952 








AC what — 


New Model FLH potrable thermo- 
couple transfer standard measures in- 
fluence of frequency (ac/de differ- 
ences) to an accuracy of + .01% 
from 1.5 v to 1125 v over a frequency 
span of 20 to 50,000 cps to assure ac 
voltage measurements accurate with- 
in + .013%.—Sensitive Research In- 
strument Corp., 310 Main St., New 
Rochelle, N. Y. 
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FREQUENCY METER 


Accurate measurement of frequen- 
cies in S, C and X bands is accom- 
plished by new panel mounted unit 
which incorporates series of tunable 
bandpass filters. Low-pass filter elim- 
inates spurious and tuning is by single 
duo-dial counter.—F'requency Stand- 
ards, P. O. Box 504, Asbury Park, 
Nd. 
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INDUCTANCE CONTROLLED 
OSCILLATOR 


New Model LSE inductance con- 
trolled oscillator requires only two 
wires from any variable inductor 
transducer. Tunes to any IRIG chan- 
nel, Vour is 3 v rms, Zour is 100 ohms 
and harmonic distortion is only 3%. 
Transistorized to operate on 24 to 32 
v de over the —65° to 165°F range.— 
PACE Engineering Co., 13035 Saticoy 
St., No. Hollywood, Calif. 
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New, fully automated 
Aero /Digitork X-Y PLOTTER 
with digital input/output 


Check These Key Features: 
e 100% digital actuation 
e .0015” operating accuracy 
e All solid-state electronics 
e Input-output format includes 
punched tape or cards, or mag- 
netic tape 
Option: point-to-point or con- 
tinuous line modes and auto- 
matic incremental scale factors 
e Models: from 9” x 17” to 5’ x 10’ 
plotting area 
New Brochure: Write for brochure de- 
scribing applications, specs. Or phone 
Frank McWilliams, Mgr., Coordinato- 
graph Sales, GL 7-3000. 


AERO SERVICE CORPORATION 
Industrial Electronics Division 
210 E, Courtland St., Phila. 20, Pa. 
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Ultra-fast Optics 
for 
INFRA-RED 


Instrumentation 


Reflective Optics 
Cassegrain Systems 
Paraboloids to f/.3 
Off-axis mirrors 

Refractive Optics 
Si and Ge Optics 
IR Windows 
Aspherics 


Mechanical Mountings 


John Unertl Optical Co. 


3551-55 East St. 
Pittsburgh 14, Pa. 
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The right gauge for 
your specific needs 


A complete line of gauges in stock 
available for early delivery. Gauges 
from 10-inches water pressure to 
30,000 P.S.I. to meet your specifica- 
tions on any equipment. 


@ Combination 
@ Diaphragm 
@ Compound @ Hydraulic 
@ Altitude @ Special Purpose 
@ Dial Thermometer 
(Vapor Tension or Bi-Metal) 


let Marshalltown answer your gauge 
problems . . . write for information 


and prices. 
MARSHALLTOWN, IOWA 


@ Pressure 
@ Vacuum 


A Subsidiary of The Electric Autolite Co. 


MARSHALLTOWN MFG., INC. 
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HARDNESS 
> 


INSTRUMENT & 
MFG. CO., INC. 


90-35 VAN WYCK EXPRESSWAY 
JAMAICA 35, N.Y., U.S.A. 











FM SIGNAL GENERATOR 


New Microdot 412 FM signal gen- 
erator, for checkout of command re- 
ceivers in the 400-550 me band, fea- 
tures direct 6-place digital readout of 
frequency accurate to + 1 ke. It is 
frequency modulated up to + 300 ke 
by external signal, varying in fre- 
quency from 300 cps to 100 ke.—Mi- 
crodot, Inc., 220 Pasadena Ave., South 
Pasadena, Calif. 
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MICRO FREQUENCY 
GENERATOR 


New crystal-controlled microcircui- 
try frequency generator weighing 1.75 
oz generates any selected frequency in 
the 25 cps to 1 mc range accurate to 


.01% (.001% on special orders). Sol- | 


der connections or plug-in mountings 
to printed circuit boards.—Varo Inc., 
2201 Walnut St., Garland, Tex. 
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PORTABLE SCOPE 


New Model 32 uses new CRT with 


post-deflection acceleration and 3.5 kv | 
potential to give unusually sharp, | 


bright trace. DC coupled amplifier has 
7.5 me bandwidth, sensitivity of 100 
mv/em and rise time of 50 nsec. 
Weighs only 16 lbs., for field service 
on computers, TV and general Lab 
use.—The Scopes Company, Inc., P. O. 
Box 56, Monsey, N. Y. 
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INTEGRATING 
ORIFICE 
METERS 


American® Integrating 
Orifice Meters provide 
more accurate measure- 
ment by the continuous 
multiplication of the 
square root of the meas- 
ured differential by the 
square root of the absolute 
line pressure. 


Single, double and duplex- 
integrating models avail- 
able in a wide range of 
manometer types and 
working pressures. Dust- 
proof, die-cast aluminum 
cases... Gasclok and elec- 
tric instrument chart 
drives. Also supplied with 
American Telecounter for 
remote readings. 


See Bulletin 401 for details. 


AMERICAN 
METER COMPANY a4 
Sales Offices in Principal Cities 
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HASTINGS 


ma oe). EY omg 
VACUUM 
ey NE fej = 


NEW DESIGN 
IMPROVED PERFORMANCE 


Ideal for panel mounting or 
building into other equipment 








The new compact design and minia- 
turized circuitry of these Hastings 
“Compact” Vacuum Gauges greatly 
improve their performance, reduce their 
cost, and increase their versatility, 
thereby making them ideally suited for 
every type of vacuum gauge application. 

The 4-inch meter, complete with all 
gauge tube circuitry attached to the 
rear, measures only 2%” in depth and 
is ready to be mounted on any panel, 
built into other equipment or used on 
a polished brass desk stand as _ illus- 
trated. It can also be furnished com- 
plete within its own cabinet if desired. 

Multiple-position switching attach- 
ments are available, allowing monitor- 
ing of up to 5 positions with a single 
indicator. 

Hastings “Compact” Vacuum Gauges 
utilize the rugged but sensitive Hastings 
gauge tubes, available in either metal 
or pyrex construction, and operate on 
the tried and proven principle of the 
Hastings Patented Thermopile. They 
are fully compensated for temperature 
and rate of change of temperature and 
have rapid response. Gauge tubes are 
fully interchangeable without calibra- 
tion adjustments. Since the response 
of the thermopile is electrical, the gauge 
tube may be located remote from the 
indicator. 


The compact vacuum gauges are 
available in the following three ranges: 


VT-6 0-1000 Micron Hg 
VT-5 0-100 Micron Hg 
VT-4 0-20 mm Hg 


For more detailed information send for 
Specification Sheet No. 305. For full infor- 
mation on Hastings complete line of vacuum 
instruments send for Catalog No. 300. 


HASTINGS-RAYDIST, Inc. 


a lelul hicla mam Algae lalie) PArk 3-653] 
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NEW 





LITERATURE 


CONTROL SYSTEMS 
AND CONTROLS 


PNEUMATIC CURRENT-CONTROLLER. 
2-page Data Sheet 104 describes Se- 
ries EB pneumatic current controller. 
—Conoflow Corp., 2100 Arch St., Phila. 
3, Pa. 
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FEEDBACK CONTROL. 6-page_ bro- 
chure illustrates and describes oper- 
ational amplifiers, frequency response 
test equipment, sliderules, pressure 
transmitters, and receivers, actuators, 
programmers, computers, etc.—Boon- 
shaft and Fuchs, Inc., Hatboro Indus- 
trial Park, Hatboro, Pa. 
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BOILER FEED CONTROL, 8-page Bul- 
letin MSA-196 describes feedpump re- 
circulation control from temperature 
differences.—Hagan Chemicals & Con- 
trols, Inc., Hagan Center, Pittsburgh 
30, Pa. 
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PROGRAM CONTROLLERS, 4-page 
Specification $152-7 describes line of 
cam-operated program controller-re- 
corders.—Minneapolis-Honeywell Reg- 
ulator Co., Industrial Div., ene and 
Windrim Aves., Phila. 44, Pa. 
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HEATING FURNACE CONTROLS. 
24-page catalog Folio 122 describes in- 
dustrial heating furnace control sys- 
tems.—GPE Controls, Inc., 240 E. 
Ontario St., Chicago 11, Ill. 
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AUTOMATIC HEATING CONTROLS. 
100-page 1961-Condensed-Catalog 608 
contains illustrations, descriptions, 
and svecs of more than 240 items for 
controlling heating automatically.— 
General Controls Co., 801 Allen Ave., 
Glendale 1, Calif. 
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VALVES 


HIGH PRESSURE BALL VALVES. 

4-page Catalog PV16-18 illustrates 

and describes ball valves for pressures 

up to 2500 psi.—Pacific Valves, Inc., 

reo Walnut Ave., Long Beach 7, 
alif. 
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BALL VALVE. 4-page brochure de- 

scribes line of Econ-o-miser ball 

valves with center section inserted 

between 2 flanges—Worcester Valve 

ae Inc., 16 Parker St., Worcester, 
ass. 
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TEMPERATURE 
WELLS FOR THERMOCOUPLES, 


8-page catalog TT-301 covers a wide 
range of thermowells for the protec- 
tion of thermocouples.—Trinity Equip- 
ment Corp., Cortland, N. Y. 
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THERMOCOUPLE ASSEMBLIES. 
40-page Catalog G-100-1 provides 
specs on special-use thermocouple as- 
semblies and the components.—Min- 
neapolis-Honeywell Regulator Co., In- 
dustrial Div., Wayne and Windrim 
Aves., Phila. 44, Pa. 


CIRCLE 470 ON READER-SERVICE CARD 


TEMPERATURE CONTROL, 8-page 
booklet “The Case of the Missing 
Element” describes in non-technical 
language some basic concepts of air- 
craft temperature control.—Barber- 
Colman Co., Aircraft and Missile 


Products Div., Rockford, IIl. 
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PROCESS INSTRUMENTATION, 8-page 

condensed Catalog 310 describes in- 

struments systems for flow, level, 

pressure, temperature, and other 

process variables.—Fischer & Porter 

me 970 Jacksonville Rd., Warminster, 
a. 
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BIMET-THERMOM THERMOWELLS. 
6-page Catalog TT-302 provides de- 
tailed dimensional information on 
standard type thermowells for test in- 
struments.—Trinity Equipment Corp., 
Cortland, N. Y. 
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PRESSURE, VACUUM, 
ACCELERATION, STRAIN 


PRESSURE TRANSMITTERS, Three 
specification sheets describe differen- 
tial pressure transmitters, (4-page, 
G21-4) pneumatic pressure transmit- 
ting mechanisms (2-page P21-4) and 
electrical pressure transmitting mech- 
anisms (2-page E21-4).—Bailey Meter 
oor 1050 Ivanhoe Rd., Cleveland 10, 
io. 
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PREUMATIC RECEIVER. 2-page Prod- 
uct Data 1.3-10 describes Se- 
ries 654 oncvenkion Pneumatic Re- 
ceiver for temperature, pressure, etc. 
indication.—Bristol Co., Waterbury 
20, Conn. 
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DIFF PRESS GAGE. 2-page Bulletin 
E10 differential pressure gage.—Pall 
Corp., Glen Cove, N. Y. 
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VACUUM EVAPORATION. 4-page Cat- 
alog C-2 describes Model VE-10 auto- 
matic valving vacuum evaporator.— 
Mikros, Inc., Subs. of Electro Scien- 
tific Industries, 7620 S. W. Macadam 
Ave., Portland 19, Ore. 


CIRCLE 477 ON READER-SERVICE CARD 
ANGULAR ACCELEROMETER, 2-page 


Bulletin 116 describes transducer for 
measurement and control of angular 
acceleration.—Dynamic Measurements 
Co., 301 Old York Rd., Jenkintown, 
Pa. 


CIRCLE 478 ON READER-SERVICE CARD 





VARIABLE 
SOLID STATE 


POWER REGULATOR 


. for manual or remote control of 
a-c power to electrical loads. 


LABAC, a lab sized a-c power regulator, 
replaces either a variable transformer or 
saturable core reactor. 


COMPACT— Weighs only 742 pounds. 
Takes less space than a telephone. 


VERSATILE — May be adjusted manually or 
by remote control. Signal variation from 
0 to 5 ma proportions output from zero to 
full power (power gain: one million). Can 
also be used as a silent ON-OFF controller 
triggered by 5-ma signal. 


DURABLE— No moving parts or vacuum 
tubes, just a magnetic amplifier and two 
silicon controlled rectifiers. 


CONVENIENT — Operates on 115 or 230- 
volt 60-cycle line, rated for 20-amp. load. 


FAST RESPONSE — Within one cycle of line 
frequency. 


APPLICATIONS — Stage light dimming 
Experimental apparatus Laboratory 
ovens and kilns @ Sales demonstrators. 


Other R-I power regulators have ca- 

pacities up to 800 amps. 

>< RESEARCH 
Box 6164Y, Minneapolis 24, Minn 


INCORPORATEDO 
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LINEAR ACCELEROMETER, 2-page 
Bulletin 300 describes accelerometer 
which provides electrical output sig- 
nal proportional to applied accelera- 
tion and in phase with input voltage. 
—Dynamic Measurements Co., 301 


Old York Rd., Jenkintown, Pa. 
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STRAIN MEASUREMENT. 20-page 
booklet describes “Strain Recording 
with Brush Direct Writing Record- 
ers”’.—Brush Instruments, Div. of 
Clevite Corp., 37th and Perkins, Cleve- 
land 14, Ohio. 
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FLOW, LEVEL 


ELECTRIC FLOW METERS. 2-page 
Specification 5200-3a covers four ba- 
sic models of electric instruments with 
pneumatic control to control liquid 
flow or liquid level.—Minneapolis- 
Honeywell Regulator Co., Industrial 
Div., Wayne and Windrim Aves., 
Phila. 44, Pa. 
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PROCESS FEEDING SYSTEMS. 8-page 
Bulletin 4.20-1 describes equipment 
for controlled feeding of liquids and 
solids in process industries.—B-I-F 
Industries, Div. New York Air Brake 
Co., Providence 1, R. I. 
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LIQUID LEVEL CONTROL. 4-page bul- 


letin describes Serv-trol automatic 
control to regulate pumping speed 
when used with magnetic drives, vari- 
able speeds motors, water rheostats 
and servo mechanisms.—Healy-Ruff 
Co., 2285 University Ave., St. Paul 
14, Minn. 
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FLOW TRANSDUCER, 4-page brochure 


discusses electrical pulse output type 
transducer.—Hydropoise, Inc., 230 S. 
Wells Fargo Dr., Scottsdale, Ariz. 
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FLOW, LEVEL, 8-page Condensed Cat- 
alog illustrates and describes preci- 
sion instruments for measurement of 
temperature, level, pressure, and flow. 
—tTrans-Sonics, inc., Wheeler Rd., 
Burlington, Mass. 
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DISPLACEMENT, 
TIME, COUNT 


ANGULAR DISPLACEMENT TRANS- 
MITTER, 2-page Bulletin 200 describes 
transducer for translating angular po- 
sition or displacement into an elec- 
trical voltage—Dynamic Measure- 
ments Co., 301 Old York Rd., Jenkin- 
town, Pa. 
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LINEAR DISPLAGEMENT TRANS- 
DUGER, 2-page Bulletin 400 describes 
transducers for 400-cps systems.— 
Dynamic Measurements Co., 301 Old 
York Rd., Jenkintown, Pa. 
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LINEAR DISPLACEMENT TRANSMIT- 
TER, 2-page Bulletin 100 describes 
transducer for translating linear posi- 
tion or displacement into electrical 
voltave.—Dynamic Measurements Co., 
301 Old York Rd., Jenkintown, Pa. 


CIRCLE 488 ON READER-SERVICE CARD 


October 196)- 








FACI 


Flexible Automatic Circuit Tester 





Increase the 
confidence level 


of circuit tests 
Hughes has developed a high 


capacity, general purpose cir- 
cuit tester that will substanti- 
ally increase the confidence 
level of testing—and, at the 
same time, substantially re- 
duce the costs of testing. 0 
Called FACT—short for Flex- 
ible Automatic Circuit Tester 
—this Hughes developed unit 
is self-testing and self-cali- 
brating. Result: you increase 
the confidence level of the cir- 
cuit test procedure.OAnd with 
FACT you can eliminate the 
costs of developing special 
purpose test equipment. You 
can program complete tests 
on an unlimited number of cir- 
cuits. You can substantially 
reduce trouble-shooting time. 
You can cut down program- 
ming timedramatically. (FACT 
uses standard IBM systems.) 
O FACT is production proven 
and available today. With three 
different FACT models (2 
card programmed and 1 tape 
programmed) Hughes can 
meet every circuit testing 
problem. Inquire today. Write 
to L. W. Risner, Hughes El 
Segundo, L.A. 45, California. 
Or, better yet, call him at 
ORegon 8-0361. Ext. 1652. 


Creating a new world with Electronics 
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Phantom Pressure 
Surges? 
Find them with 
Transducers & 
Oscillographs 











by 
INSTRONICS 
Div. of Jani Inc. 
11238 S. Western Ave. 
Chicago, Ill. BE 8-3713 
Phone, wire, or write 
for catalog #1 
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MEASUREMENTS 
TO 10 MILL!ONTHS 


... read directly on 
a counter! 


CARSON-DICE AUTOMATIC 
Electronic Micrometer 


Accurate! The 
Carson-Dice Mi- 
crometer per- 
mits measure- 
ment to 10 
millionths on 
any part or ma- 


pent ls + Nil 
Foolproof! 
Model PDR 
(shown) elimi- 
nates operator 
discrimi- 
nation, meas- 
ures with O- 
pressure on 
conduct- 
ng parts .. 
or standard 
reference pres- 


rw on con- 
ctors or non 

ondauctors. 
som Unexcelled for h igh speed read 
onc ose toler ance precision parts 
semi-conductors, deposited films, grids 
nated cathodes, diaphragms, wire 


Address inquiries (and submit 
r measurement problems) to: 


you 


J. W. DICE CO. 


Englewood 10, N. J. 
LOwell 9-0471 
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ELECTRONIC INTERVAL TIMERS. 
2-page bulletin describes line of elec- 
tronic industrial interval timers.— 
Electro-Seal Corp., 938 North Ave., 
Des Plaines, Ill. 
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DECADE COUNTER. 4-page Bulletin 
204 aescribes solid state #'1601 port- 
able 12-volt decade counter.—Robo- 
tomics, Inc., 2422 E. Indian School 
Rd., Phoenix 16, Ariz. 
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DATA HANDLING 


DATA SYSTEM. 4-page brochure de- 
scribes Model S-3100 Portable Data 
Gathering System.—Epsco, Inc., Sys- 
tems Div., 275 Massachusetts Ave., 
Cambridge 39, Mass. 
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DATA RECORDING SYSTEM. 8-page 
Brochure 7000 describes Series 7000 
line of modular Digital Data Systems 
for alarm scanning and digital record- 
ing.—Monitor Systems, Irc., Subs. of 
Epsco, Inc., Dept. 33, Fort Washing- 
— Industrial Park, Fort Washington, 
a. 


CIRCLE 492 ON READER-SERVICE CARD 
DISPLAY SYSTEM. 12-page booklet de- 


scribes oneration and avnplicetions of 

Display Svstem Model 5934 for mon- 

itoring and readout in analog comput- 

ing as well as general laboratory in- 

strumentation.—Philbrick Researches, 

“+ 127 Clarendon St., Boston 16, 
ass. 
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OPTICAL ENCODERS. 8-page Catalog 


D contains specs and technical de- 
scriptions of Dicotron linear and sine- 
cosine precision optical encoders for 
converting angular position informa- 
tion into binary code.—Computer Con- 
trol Co., Inc., 983 Concord St., Fram- 
ingham, Mass. 
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RECORDER/REPRODUCER. 4-page 
brochure describes FR-100C Instru- 
mentation Recorder/Renroducer.— 
Ampex Instrumentation Prodnets Co., 
Box 5001, Redwood City, Calif. 
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MAGNETIC CORE MEMORIES, 2-page 
bulletin describes magnetic core mem- 
ories.—Electronic Engineering Co., 
1601 E. Chestnut Ave., Santa Ana, 
Calif. 
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DIGITAL COMPARATOR, 2-page Bulle- 
tin DPS/A28 describes Model DK-100 
digital comparator.—Datex Corp. 
Subs. of Gianninni Controls Corp., 
1307 Soith Myrtle Ave., Monrovia, 
Calif. 
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SCANNER, 2-page Bulletin DPS/A22 
describes transistorized scanner to se- 
quentially switch data points.—Datex 
Corp. Subs. of Giannini Controls 
Corp. 1307 South Myrtle Ave., Mon- 
rovia, Calif. 
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DIGITAL SUBTRACTOR, 2-page Bulle- 
tin DPS/A20 describes SU-100 Series 
digital subtractors—Datex Corp. 
Subs. of Giannini Controls Corp., 
1307 South Myrtle Ave., Monrovia, 
Calif. 
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SERVO REPEATER. 2-page Bulletin 

PS/A23 describes SR-114 Series 
ot repeater for digital coded con- 
tact closures corresponding to anger 
position of remote shaft.—Datex Corp 
Subs. of Giannini Controls Corp., 
1307 South Myrtle Ave., Monrovia, 
Calif. 

CIRCLE £00 ON READER-SERVICE CARD 


TIME CODE GENERATOR. 2-page data 
sheet describes EECO 811 time code 
generator.—Electronic Engineering 
Co., 1601 E. Chestnut Ave., Santa 
Ana Calif. 
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SHAFT ANGLE TRANSLATOR. 2-page 
data sheet describes EECO 780 shaft 
angle translator. —Electronic Engi- 
neering Co., 1601 E. Chestnut Ave., 
Santa Ana, Calif. 
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DATA SYSTEM COMPONENTS, Four 
2-page bulletins describe UNIDAP, a 
new concept of universally adaptable 
modular system components for data- 
control applications —Data-Control 
Systems, Inc., East Liberty St., Dan- 
bury, Conn. 
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ELECTRICAL, ELECTRONIC 
INSTRUMENTS 


ELECTRICAL INDICATORS, 2-page 
Portable/Panel Bulletin 06-209 dis- 
cusses features and specs of Model 
911-912 line of a-c and d-c voltmeters 
and ammeters.—Daystrom, Inc., Wes- 
ton Instruments Div., 614 Freling- 
huysen Ave., Newark 12. N. J. 
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ELECTRIC QUANTITY MEASURE, 
MENT. 12-pacve Bulletin GEA-#7R2A 
descrikes full line of aircraft electrical 
measurement instruments.—General 
Electric Co., Schenectadv 5. N. Y. 
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TRUE RMS VOLTMETER, 2-nage bul- 
letin describes true rms voltmeter.— 
John Fluke Mfg. Co., Inc., Box 7428, 
Seattle 33, Wash. 
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SEMI-DIGITAL VOLT-OHMMETER, 


4-page brochure contains features, de- 
scription, and specs of Type 21A 
semi-digital volt-ohmmeter.—J-Omega 
Co., 323 First St., Los Altos, Calif. 
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LEAK DETECTORS, 8-page Bulletin 

6817A describes G-E’s Type H 

ar i portable, halogen sensitive, 

electrovic leak detectors.—General 
Electric Co., Schenectady 5, N. Y. 
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RECORDING 
GRAPIC RECORDER. 4-page Bulletin 


761 describes how inspection costs 
were reduced 25 to 30% through use 
of graphic recording instruments.— 
Esterline Angus Instrument Co., Inc., 
Box 596, Indianapolis 6, Ind. 
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MOVING PEN RECORDERS. 4-page 
bulletin describes Models HR-80 and 
HR-87 “T-Y” recorders plotting time 
vs “y.”—Houston Instrument Corp. 
Box 22234, Houston 27, Tex. 


CIRCLE 510 ON READER-SERVICE CARD 





RECORDERS. 8-page August, 1961 is- 
sue of “The Right Angle” ‘describes 
X-Y recorder in control system analy- 
sis, magnetic-data: recorder, phase- 
sensitive demodulator recorder, etc.— 
Sanborn Co., 175 Wyman St., Wal- 
tham 54, Mass. 
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TORQUE RECORDER. 2-page Data 


Sheet 4403 describes automatic null- 
balance torque recorder.—Baldwin- 
Lima-Hamilton Corp., Electronics & 
Instrumentation Div., Waltham 54, 
Mass. 
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RECEIVER RECORDER. 8-page Bulle- 
tin 201.11 describes Model MP-12 an- 
alogger.—Republic Flow Meters Co., 
Subs. of Rockwell Mfg. Co., 2240 Di- 
versey Parkway, Chicago 47, Ill. 
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COMMUNICATIONS 


RF POWER LEVEL DETERMINATION. 
12-page brochure “RF Power Bridges 
and Thermistor Mounts” describes 
these items and X-band power stand- 
ards.—Weinschel Engineering, 10503 
Metropolitan Ave., Kensington, Md. 
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COMMUNICATION EQUIPMENT, TEST- 
EHS, 4-page Short Form Catalog illus- 
trates and describes signal generators, 
monitor oscilloscopes, calibration test 
sets, coaxial loads, power sources, di- 
rectional couplers, etc.—Sierra Elec- 
tronic Corp. Div. of Philco Corp., 
3885 Bohannon Dr., Menlo Park, Calif. 
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POWER METERS. Two 2-page bulle- 
tins aesciioe Model 450 and Model 
451 microwave power meters.—Gener- 
al Microwave Corp., 47 Gazzo Blvd., 
Farmingdale, N. Y. 
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THERMISTOR MOUNTS, 2-page bulle- 
tin describes Series 401 & 4U2 coaxial 
and waveguide thermistor mounts.— 
General Microwave Corp., 47 Gazza 
Blvd., Farmingdale, N. Y. 
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SYNCHRO STANDARDS, 2-page bro- 
chure offers data on series of synchro 
standards designed to simulate the 
output of a master synchro transmit- 
ter.—Gertsch fFroducts, ine., $211 3S. 
La Cienega Blvd., Los Angeles 16, 
Calif. 
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MISCELLANEOUS 
MAGNETOMETERS. 6-page Geophysics 


Technical Memorandum No. 8 dis- 
cusses magnetometers used in space. 
—Varian Assocs., Instrument Div., 
Palo Alto, Calif. 
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VOLTAGE SUPPLY. 2-page Product 
Sheet 102 describes constant voltage 
supply.—Thermo Electric Co., Inc., 
Saddle Brook, N. J. 
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RESISTANCE RATIO. 4-page bulletin 
describes resistance standards and 
techniques for establishing resistance 
ratio accuracy to one part in ten mil- 
lion.—‘ulie Research Labs., Inc., 603 
West 130th St., New York 27, N. Y. 
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HUMIDITY INSTRUMENTATION. 
8-page Catalog SF-1 covers humidity 
instrumentation and systems, includ- 
ing sensing elements, indicators, re- 
corders, controllers, transmitters, and 
accessories.—H ygrodynamices, Inc., 
949 Selim Rd., Silver Spring, Md. 
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FLOW SHEET SYMBOLS, 4-page Bulle- 
tin 91-53G-02 lists symbols used in 
process flow sheets and schematic con- 
trol systems.—Fischer & Porter Co., 
946 Jacksonville Rd., Warminster, Pa. 
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COMPRESSED AIR SYSTEMS. 4-page 
catalog describes drvers, hvdrogenous 
adsorbers, and central systems for 
producing clean, pure, extremely low 
dewpoint air and other gases.—Ap- 
plied Pneumatics, Inc., 740 Colfax 
Ave., Kenilworth, N. 
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HI-TEMP WIRE, 4-page Catalog 1061 
describes high-temperature insulated 
wire and cable for aircraft, missiles 
and industry.—Lewis Engineering 
Co., Naugatuck Conn. 
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GAS CHROMATOGRAPHY. 2-page 
Data Sheet E-ND46(9) describes 
Speedomax G and H recorders for 
laboratory gas chromatography ap- 
plications.—Leeds Northrup Co., 
4934 Stenton Ave., Phila. 44, Pa. 
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DC POWER SUPPLY, 2-page bulletin 
describes d-c power supply for solid- 
state computers.—Magnetie Research 
Corp., 3160 W. El Segundo Blvd., 
Hawthorne, Calif. 
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PRESSURE-SENSITIVE TAPES—mask- 
ing, protective, electrical, printable, 
ete.—are described in 44 page booklet. 
—Mystik Adhesive Products, Inc., 
2635 No. Kildare Ave., Chicago 39, Ill. 
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PRESSURE TRANSDUCER. 2-page Bul- 
letin 4328 describes capabilities of 
Type 4-328 shunt-compensated pres- 
sure transducer.—Transducer Div., 
Consolidated Electrodynamics Corp., 
360 Sierra Madre Villa, Pasadena, 
Calif. 
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PRESSURE TRANSMITTERS. 2-page 
Bulletin R-4 describes new Compu- 
Tran explosion-proof, low-pressure 
cell for pressure measurement appli- 
cations.—International Resistance Co., 
401 N. Broad St., Phila. 8, Pa. 

CIRCLE £30 ON READER-SERVICE CARD 


PRESSURE MEASUREMENT, 4-page 
Bulletin describes new instrument 
which may be used with a high de- 
gree of accuracy as a low pressure 
deadweight gage or a high range dif- 
ferential pressure manometer. Uses 
“principle of operation not heretofore 
employed.” Standard and dual scales 
may be read to 0.1” WC. or 0.01 psi, 
with full scale of 1000” WC or 36 psi. 
—ToPaz, Inc., 2525 South Blvd., Hous- 
ton 6, Tex. 
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GAGES, 12-page Bulletin 321.11 de- 
scribes compact, easy-to-read V5 
gages for indicating draft, pressure, 
differential gas pressure and temper- 
ature and pneumatic impulses from 
transmitters.—Republic Flow Meters 
oa Diversey Parkway, Chicago 
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@ 
PRECISION METERS 


Catalog Available 


If your operation demands accuracy to 1/10 
of 1% you need this AMF Catalog, which 
includes specifications, sizes and weights of 
Frequency and Volt Meters for test, research, 
industrial, military and government use. 

AMF Meters are rugged. They compensate 


for practically any temperature and environ- 


ment. They can be tailored to your require- 
ments—or are available immediately from 
stock. Send today for your Catalog! Address 
Department F 


American Machine & Foundry Co. 
1101 N. Royal Street, Alexandria, Virginia 
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MEASUREMENT 
ENGINEERING 


SHORT COURSES 


January 29 to February 2, 1962 
Arizona State University, 
Tempe, Arizona 


Theme: 
HOW TO OBTAIN 
VALID DATA ON PURPOSE 


Lecture Program: 
Basic Concep's 
e Transducer Physical Principles 
. Mesturement Engineering Theory 
e Experiment Planning 
e Data paahela 
Special Lectures: 
e Acoustic Measurements 
© Biological Measurements 
e@ Flexures in Measuring Devices 
e Rotating Parts, Measurements on Strain 
Measurement 
e Temperature Measurement 
e Vibraiion Measurement 


Experimental Program: 
Impact-Created Stress Waves 
Pressure Waves 

Amplitude Modulation Systems 
Frequency Analysis 
Sieady-State Vibrations 
Amplifier Characteristics 


Bridge Circuit Computers 
Commercial Measuring Systems 
Basic Transducer Characteristics 
Accelerometer Frequency Response 


Write to: 

Prof. Peter K. Stein 

Director. Meas. Eng. Courses 

Engiseering Center 

Arizona State University 

Tempe. A-izona 

For detailed brochure circle number 178 
on page 1927 


eeeeeseee 
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PORTABILITY 
ACCURACY 


«SATS FEB Sgt POS 


00% SAVINGS IN COST! 


ALL the advantages of a 

conventional multi-rack data 

system in one PORTABLE 
package! 


N[@@) =! ey Naw 


MOBILE DATA ACQUISITION SYSTEM 


A Reliable and Economical Way to Record 
STRAINS 
V PRESSURES 
| TEMPERATURES 
POSITION INFORMATION 


* CONNECT YOUR TRANSDUCERS DIRECTLY to MOBIDAC. 
No external d-c channel amplifiers required. 

* GUARANTEED DIRECT COMPATIBILITY with all major 
computers. No tape translation required. 


CONDENSED SPECIFICATIONS 


input Levels 
+ 4 millivolts to + 4 voits 
Accuracy (full scale) 0.1% 


Sampling Programs 
Selectable y front panel 
switch 


ling Rat 
SUP. te 3000. sps 


Di : 
Tockeat display for individual 
channel! data 
90 DAY DELIVERY 


OPTIONS: Increased channel capacity . . . 100 or more, Higher 
Sampling Speeds, Quick-Look Display, Punched Tape and 
Card Outputs. 


For Detailed Specifications and Prices, write Dept. IC 


oo os SC | 


SYSTEMS ENGINEERING LABORATORIES, INCORPORATED 


LOgan 4-7616 © P.O. Box 9148 
4066 Northeast Fifth Avenue © Fort Lauderdale, Florida 
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SEARCHLITE 
SECTION 





SMITHS TACHOMETERS 


For Precise and Rapid Measurements of 
SHAFT SPEEDS CUTTING SPEEDS SURFACE SPEEDS 
* Magnetic Design 


Steady readings ac- 
curate to +0.5%, 


Self-Powered 
Needs no battery 
Held Button 
Overspeed Protec- 
tion Inherent 
instantaneous 
Reading No timing 








Complete Service Facilities Send tor Detoils and Literature 
CLARENCE J. MARX CO. 
Box 4033, Cleveland-23; Ohio 
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IDENTICHARTS 


for easier, 

more accurate 

chart interpretation 

ROYSON '!DENTICHARTS provide remote con- 
trol printing of sequence numbers, counter 
readings, time and date, code symbols or 
other data on strip charts for faster, more 


accurate interpre‘ations, Write or call Hat- 
boro, Pa., OS 5-2800. 


ROYSON ENGINEERING 


Territories still open in New York State and 
New England 
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FeynnD BEAM 





Beam lengths from 7” to 78%" 
one piece anodized aluminum. 
Coursers available in Aluminum, 

Nylon, or attractive Plastic. 
Sets available, individually priced 
from $3.45 or made up to individual 
requirements. (15% quantity dis- 
count on 3 or more sets) 
NON-SLIP “GRIP-RINGS” furn- 
ished with all points. 

Send for Circular and Price List Today 


FERANCE Construction Co. 


28 Woodside Drive Penfield, N. Y. 
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MASS SPECTROMETER. 6-page Bulle- 
tin 21130 describes Type 21-130 
cycloidal focusing Mass Spectrometer 
utilizing cycloid tube with 1.1” focal 
distance and permanent magnet 
charged to approximately 4500 gauss. 

Consolidated Electrodynamics Corp., 
Subs. Bell & Howell, 360 Sierra Madre 
Villa, Pasadena, Calif. 
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For More INFORMATION on 
Products Listed Circle Number 
on Readers Service Card 








AUTOMATIC GAGE CONTROL. 2-page 
Bulletin GEA-7224 describes equip- 
ment system for cold-strip steel roll- 
ing mills utilizing X-ray sensing 
gages and static Directo-Matic* con- 
trol to keep strip on gage auto- 
matically—General Electric Co., 
Schenectady 5, N. Y. 
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DISC INDICATORS. 6-page Bulletin 
4410 details disc indicators used in 
measuring and control systems em- 
ploying resistance strain gage trans- 
ducers.—Electronics & Instrumenta- 
tion Div., Baldwin-Lima-Hamilton 
Corp., 42 Fourth Ave., Waltham 54, 
Mass. 
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AIR DRYERS. 6-page Bulletin HA- 
308 details Heat-Les dynamic desic- 
cant dryers, contains complete formu- 
lae and tables for sizing this type of 
dryer.—Trinity Equipment Corp., 
Cortland, N. Y. 

CIRCLE 537 ON READER-SERVICE CARD 


COMPRESSION TUBE FITTINGS. 
20-page Catalog 4323 presents 25 
items of Ridg-lok tube fitting line 
with illustrations and dimensions.— 
Parker Fittings & Hose Div., Parker- 
Hannifin Corp., 17325 Euclid Ave., 
Cleveland 12, Ohio. 
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CR TUBES. 4-page Bulletin ET-3993 
details Spiral Accelerators with 5” 
direct viewed flat face plate.—Syl- 
vania, Subs. General Telephone & 
Electronics, 63 Second Ave., Waltham 
54, Mass, 
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RECORDING WAVE ANALYZER. 
4-page brochure describes Model 800 
Analyzer which displays and perma- 
nently records frequency components 
of any complex waveform.—Optron 
Corp., 335 S. Salinas St., Santa Bar- 
bara, Calif. 
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AC LINE DRIVER, 2-page bulletin de- 
scribes 863 AC Line Driver, 12-chan- 
nel buffer amplifier for a-c signals 
over frequency range from 100 to 
20,000 ecps.—Electronic Engineering 
Co. of Calif., 1601 E. Chestnut Ave., 
Santa Ana, Calif. 
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TELEMETERING. 2-page Bulletin 7110 
details Digital Recording System for 
measurement of voltage, demand, 
wattage, etc. at remote electric utility 
sub-stations and telemetering of in- 
formation in digital form to central 
recording station.—Monitor Svstems, 
Inc., Subs. Epsco, Inc., Dept. 31, Fort 
Washington Industrial Park, Fort 
Washington, Pa. 
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PNEUMATIC TOTALIZER. 2-page Spec 
Sheet 282-09.201-1 describes with di- 
mensional sketch self contained panel 
mounted Pneumatic Totalizer Model 
282-09.—B-I-F Industries, Box 276, 
Providence, R. I. 
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STREAM BLENDING SYSTEMS. 4-page 
Bulletin 2000.20-1 details many of the 
advantages and improved techniques 
of blending, both for refining and 
pipelining as well as marketing.— 
aa Industries, Box 276, Providence, 
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FIXED SET 
THERMOSTATS 
Setting Range: 
—35°C to 370°C 
Set Sensitivity: +.01°C 
Accurate control of temper- 
ature for all types of 
equipment. Improved Ires- 
sure Loader Is designed to in- 
sure mercury from separating 
bovh in shipping and in use. We can 
sell direct to you at a saving. 
PHILADELPHIA 
citiss SCIENTIFIC GLASS CO. 
Write PERKASIE, PENNSYLVANIA 
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TUBULAR 
RHEOSTATS 


149-d Babylon Tpk.. Roosevelt, L.1., N.Y. 
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\ 
EBUILT 
INSTRUMENTS 


Many Temperature Controllers, 
Precision Indicators, Continuous 
Line & Multiple Point Recorders; 
Leeds & Northrup Speedomax, 
Micromax; M:H. Brown Electroniks; 
and other makes. Also 
Strain Gauge Recorders & Potter 
Flow Recorders & Indicators 


INSTRULAB, INC. 


1205 Lamar St. * Dayton 4, Ohio 
NX BA3-2241 
N 
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NEW MODEL G-1 


TINY-THERM 
TEFLON WIRE STRIPPER 


Smallest available thermal stripper - Strips 
Teflon clean and nick-free - Useful in the most 
inaccessible areas - Tweezer action with %” 
tip width - Strips #40-#20AWG — No adjust- 
ment - Continuously-variable heat control - Six 
other models from $22.95 to $395.00 - Send 
wire samples for recommendations. 
Price $74.50 FOB Altadena 
Western Electronic Products Co. 
2420 North Lake Avenue, Altadena, Calif. 
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LIVE BIN FEEDER. 4-page bulletin 
provides details on Live Bin Feeder 
for metering dry materials——Vibra 
Screw Feeders, Inc., 156 Huron Ave., 
Clifton, N. J. 
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S10) ©) 8) h’an DLOmnicolan 
1100 volts in steps as small as 1 pv! 


Ol romeli-i4 


The seven 11-position readout-type dials on KIN TEL’s new 
Model 303 DC Voltage Standard let you control the output 
from 0.000000 to over +1100.0000 volts in three ranges 
with a resolution of 0.1 part per million of full scale. 

The voltage is held stable within 0.0025% of the dialed out- 
put for over eight hours, within 0.005% for over 30 days. 
Absolute accuracy is better than 0.01% of the setting. 
The 303 has a four-terminal output—two to furnish cur- 
rent for the load, and two to sample the voltage across the 
load. By sampling at the load, no error is caused by cur- 
rent flowing through external leads, and the effective 
source impedance at the load is 0.001 ohm. Full accuracy 
is maintained with lead lengths on the order of 10 feet. 


Write today for detailed technical literature or demonstration. 
Representatives in all major cities. 


5725 Kearny Villa Road, San Diego 11, California. Phone: BRowning 7-6700 


The output circuit is completely floating, shielded, and 
guarded — isolated from both chassis and power-line 
ground. Common-mode intermodulation products are re- 
jected by 120 db at 60 eps. 

Output current may be limited by a panel control to 5, 10, 
15, or 25 milliamperes. An overload relay disconnects the 
output terminals if the selected current is exceeded or if 
the output voltage deviates from the setting. 

These features make the 303 an ideal standard. Its wide 
range and high accuracy make it useful in many labora- 
tory and industrial applications. And its exceptional 
resolution makes it especially valuable when small incre- 
ments of voltage are needed. Price $2800. 


eLecrTrROnNICS, INS 
KIN Tel Oivisiom 
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Metrisite...is the only , = device available today 


provides a near-perfect combination of 
ideal eaaoet characteristics. The unusual properties 
of this remarkable new motion-sensing development are: 
extreme resolution... easily measures one 
ten-millionth of an inch; minute feline force... absolute 
minimum bearing friction: negligible reactive force... a frac- 
tion of a milligram; true linearity. ..a proven accuracy of 1/10%,; 
high electrical output...up to 100 volts without amplifica- 
tion; wide range of shapes and sizes... from sub-miniature 
on up; exceptional ruggedness...can meet military shock 
and vibration tests. Now, many of - 
the obstacles that have plagued if | 
control technology can be elimi- 
nated. Write for Metrisite details. = 
me 5rush INSTRUMENTS Ea WY 
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